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[image: image1.emf]
Instructional Progression:
Students have not studied subatomic particles prior to Physical Science, so this is the first experience students will have with the idea that the number of outer-level electrons determines the chemical stability of an atom, and that atoms tend to gain, lose, or share electrons in order to become chemically stable. Fundamental knowledge of the fact that some elements are chemically stable and do not react chemically, that most elements are not chemically stable and do react chemically and how atoms achieve a chemically stable situation with reference to outer-level electron arrangement of the atom is essential for all of the study of chemistry. As this is an introduction to the concept of ionization, emphasis should be placed on those groups of elements that are likely to gain or lose 1 or 2 electrons, and on the Noble Gases.

Taxonomy level of indicator:
2.5-B Understand Conceptual Knowledge

Key Concepts:

Chemical stability: chemically stable atom, chemically unstable atom

Valence electrons

Chemical reaction

Compound

Ion
Content Overview:

It is essential for students to:

Understand that there are only a few chemically stable atoms. These are the Noble Gases.

Understand that data shows that these stable atoms contain 8 valence electrons (or 2 for helium).

Atoms that do not contain 8 valence electrons in the neutral state (when the number of electrons

equals the number of protons) tend to gain, lose or share valence electrons in order to achieve

stability.

All of the theory depends on the observable behavior that showed that there were some elements that did not undergo chemical change (normally).

Understand that only electrons are involved in chemical reactions.

In chemical reactions, the number of protons and the number of neutrons remain constant.

Determine (by using a periodic table) the number of protons and the number of electrons a neutral atom of a given element contains. (PS-2.3)

Understand that atoms tend to lose, gain or share electrons to have the same number of valence electrons (electrons in the outer-most energy level) as one of the stable elements, i.e., the Noble Gases.
Predict how many electrons an atom of a given element will gain or lose in order to most readily reach chemical stability based on the following generalizations:

The elements in group 18 are stable as they are with 2 or 8 electrons in the outer energy level and, therefore, do not gain or lose electrons except under extreme conditions.

The elements in groups 1 and 2 tend to lose 1 and 2 electrons respectively.

The elements in groups 16 and 17 tend to gain 2 and 1 electron respectively.

The elements in groups 13-15 are less likely than those listed above to either gain or lose electrons because they have 3, 4, and 5 valence electrons respectively. Students are not responsible for predicting the charges of elements from groups 13-15 as these elements tend to share electrons rather than gain or lose electrons.

Most of the transition elements (groups 3-12) tend to lose electrons.

Understand that if a neutral atom loses electrons, the particle formed will have a positive charge and if a neutral atom gains electrons, the particle formed will have a negative charge. The charged particle is called an ion.

Understand that the ion formed is chemically stable.

Reconcile the number of protons and electrons in the resulting ion and determine the excess positive or negative charge.

Refine their definition of metals as elements that tend to lose electrons and non-metals as elements that tend to gain electrons. (Students distinguished metals from nonmetals by their position on the periodic table and their observable properties in 7th grade and in PS-2.3)

Students should be aware that some of the chemical properties of metals and nonmetals are

due to their tendency to lose or gain electrons.
Teaching Lesson A:
Formation of Ions – Activity
Introduction to the lesson:
Students will use colored disks to simulate the charge that an element will acquire when it becomes an ion.

Lesson Time:

.5 day

Materials Needed:

Two-colored counters (20 per group) 

*Available through amazon.com and target.com*

Periodic Table

Essential Question:

How can an activity demonstrate how a neutral atom becomes an ion?
Procedure:
1. Tell students the following joke.

Two atoms have been traveling separately and when they meet at an intersection, they have this conversation:

First atom: “I think I just lost an electron.”

Second atom: “Are you sure?”

First atom: “Yes, I’m rather positive.”
2. Ask students, “What does the atomic number represent?” (The number of protons or the number of electrons in a neutral atom) Then ask, “What is meant when an atom is considered ‘neutral’?” (There is no net charge; the number of positively charged particles is equal to the number of negatively charged particles.)
3. Have the students complete the following steps:

· Select an element with a small atomic number, such as lithium.

· Find its atomic number on the periodic table.

· Represent the electrons and protons with the two-color counters.

(For lithium, students will use six two-color counters, three with the red side up to represent the protons and three with the yellow side up to represent the electrons.)
4. Check to see that the counters are being used correctly, and then ask, “Why is lithium neutral?”
5. Have the students complete the following steps:

· Have students remove one electron (one yellow disk).

· Ask them, “Is the atom still neutral?” “Why or why not?”

· “What is the net charge on the atom after it lost one electron?” (Positive one)

· “What is the net charge when the neutrons of the atom are also considered?”

(The charge does not change because the neutrons are neutral and do not add any charge to the atom.)
6. Have students pair up the protons and electrons and point out that when the protons and electrons are paired, there is no net charge on the atom. If there are excess protons or electrons, there is a net charge and it is equal to the number of excess protons (positive) or excess electrons (negative).  Elements either gain or lose valence electrons to become stable.  Lithium loses one valence electron.
7. Have the students complete the following steps:

· Select beryllium, another element with a small atomic number.

· Find its atomic number on the periodic table.

· Represent the electrons and protons with the two-color counters.

(For beryllium, students will use eight two-color counters, four with the red side up to represent the protons and four with the yellow side up to represent the electrons.)
8. Have students view it as a neutral atom.  Then, have students remove one electron from the beryllium atom and predict the resulting charge, and then remove a second electron and predict the charge. (Positive one; then positive two).
9. When students have mastered the concept of positive ion formation, shift the activity to negative ion formation by completing the following steps:

· Have students represent fluorine with the two-color counters.

· Have students add one electron to fluorine.

· Ask them “Is the fluorine atom still neutral?” “Why or why not?”

· “What is the net charge on the atom after it gained one electron?” (Negative one)
10.  Ask students to find the atomic number of oxygen, an element whose atoms are likely to gain electrons, and represent its number of electrons and protons with the two-color counters.
11. Take these four actions:

· Tell students to add one electron to oxygen.

· Ask them “Is the oxygen atom still neutral?” “Why or why not?”

· “What is the net charge on the atom after it gained one electron?” (Negative one)

· Tell them to add another electron and predict the net charge. (Negative two)
12. Point out that, so far, the class has used only elements of Periods 1 and 2 of the Periodic Table (first and second horizontal rows), and then say:

· “How do we represent ion formation by the many other elements that are known to exist?”

· “What is the atomic number of iodine?” (53)  “How many colored counters would we need to represent the electrons and protons of iodine?” (106) “Wow! Do we have enough to deal with bromine and other elements with high atomic numbers?” (Tell the students that we usually represent only those electrons that are valence electrons.)

13.  Point out that the number of electrons atoms would like to lose or gain can be determined using the groups on the periodic table.  The groups determine the valence electron number, and the valence electron number determines if the atom would like to lose or gain electrons.  If an atom has 1, 2, or 3 valence electrons, it would like to lose all of the valence electrons to become a stable ion.  If an atom has 5, 6, or 7 valence electrons, it would like to gain electrons until it has 8 (sometimes 2) valence electrons.
14. Now, instruct students to continue building the models for five elements of their choice.  

Assessing the Lesson:
Formative Assessment

Assessment Options:
In your own words, explain to your relatives, how ions are formed by the loss or gain of electrons.

Use models or other graphics to illustrate how atoms become ions.

Na+1, Mg+2, Fe+3, Br-1, S-2
Write a short description of how each of the following ions might have been formed. Use any diagrams and symbols that will help.

K+1, H-1, Ca+2, Fe+3, Br-1, O-2, N-3
Additional Instructional considerations/misconceptions:

Instructional Tip:

Ask some questions to ensure that students know how to add negative numbers. Provide a review as needed.

Extensions:

Have students predict how many electrons an atom is most likely to gain or lose.

Choose some elements from the third, fourth and fifth periods and have the students go through abbreviated steps similar to those used above, using valence electrons.

Encourage students to determine the charges of the resulting ions without relying on the counters:

Teaching Lesson B

Ion Diagram - Activity

Introduction to the Lesson:
Students will be able to determine information about an element when it becomes an ion by completing this activity.

Lesson Time:
.5 day

Materials Needed:
Ion Diagram Sheet

Periodic Table

Essential Question:
Can the use of diagrams to represent atoms help students to understand how ions are formed?

Procedure:

1. Assign elements for students to complete the ion diagram sheet.  You can assign specific isotopes using isotope notation to allow students extra practice at reading the notation and calculating the neutrons.  

Ion Diagram Activity


Assessing the Lesson:

Formative Assessment
1.
Have students predict how many electrons an atom is most likely to gain or lose.

2.
Choose some elements from the third, fourth and fifth periods and have the students go through abbreviated steps similar to those used above, using valence electrons.

3
Encourage students to determine the charges of the resulting ions without relying on the counters:

Assessment Options:
In your own words, explain to your relatives, how ions are formed by the loss or gain of electrons.

Use models or other graphics to illustrate how atoms become ions.

Na+1, Mg+2, Fe+3, Br-1, S-2
Write a short description of how each of the following ions might have been formed. Use any diagrams and symbols that will help.

K+1, H-1, Ca+2, Fe+3, Br-1, O-2, N-3
Additional Instructional considerations/misconceptions:

Extensions:

Students could build models of the ions, similar to the Build-An-Atom activity.

Assessment 1
Summative Assessment
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? ___________

SOUTH CAROLINA SUPPORT SYSTEM INSTRUCTIONAL GUIDE

	Content Area:  Science
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	Recommended  Days of Instruction:  1
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	Standard(s) addressed:  PS-2  The student will demonstrate an understanding of the structure and properties of atoms.
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	PS 2.5 
Predict the charge that a 

representative 

element will acquire 

according to the 

arrangement of 

electrons in its 

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

http://www.geocities.com/capecanaveral/Lab/1643/solutions2.html
This site explains the Dissolving Process.

Chem4kids.com
http://www.chem4kids.com/files/atom_ions.html

Site describes ions and characteristics associated with them.
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Assessment Guidelines:
The objective of this indicator is for students to b the charge that a representative element will acquire based on the number of electrons the element has in its outer-most energy level, therefore, the primary focus of assessment should be to show that students can use knowledge of chemical stability and the relationship between an element’s position on the periodic table and outer-shell electron arrangement to predict
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	arrangement to predict whether an atom will gain or lose electrons, and how many electrons

will be involved. Assessments should test the students’ ability to infer the charge for the chemically stable ion formed from any element or set of elements (elements not mentioned in the instructional guidelines are not essential).

In addition to predict, assessments may require students to Summarize atomic properties that are a result of an atom’s tendency to gain, lose, or share electrons;

Exemplify elements that can form ions with like charges; Interpret diagrams that depict outer-shell electron arrangement; Compare charges of stable ions that are likely to form from elements within the
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	same family and between families of representative elements.


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








Indicator: Predict the charge that a representative 


atom will acquire according to the arrangement of electrons’ in its outer energy level.





Other Indicators Addressed:  PS-2.1, 2.3








