Physical Science

Science

Module 

4.1
Chemical Bonding and Reactions

Lessons
A & B

Instructional Progression: 
In the 7th grade students recognize that matter is composed of extremely small particles called atoms (7.1); classify matter as element, compound, or mixture on the basis of its composition (7.2); compare the physical properties of metals and nonmetals (7.3); and use the periodic table to identify the basic organization of elements and groups of elements (including metals, nonmetals, and families) (7.2). In Physical Science students will expand their concepts of atoms and how they bond with other atoms to form compounds. A key concept will be the formation of chemical bonds to make the atoms more stable. In 3rd grade (3-2.2), students explained how physical and behavioral adaptations allowed organisms to survive.  The biotic composition of an ecosystem including populations is part of 5th grade ecosystems study (5-3.2). In 7th grade (7-4.1), students summarized the levels of organization within an ecosystem that included populations.   
Taxonomy level of indicator:

2.7-B Understand Conceptual Knowledge
Key Concepts:

Stability: Noble gas configuration

Bond: Ionic bond, Covalent bond

Ion
Content Overview:
It is essential for students to

 Understand that all of the noble gases are chemically stable. This is the observable fact that is the basis for all theories dealing with bonding.

Understand that a noble gas electron configuration (an outside energy level with 2 or 8 electrons) is chemically stable and that all atoms would be more stable if they had these electron configurations. When forming compounds, atoms gain, lose, or share electrons to reach an electron situation equal or similar to one of the noble gases.

Helium atoms are stable atoms with two electrons in the outside energy level. Some atoms will lose, gain, or share electrons to have two electrons like helium and become chemically stable.

 Atoms of the other noble gases (neon, argon, krypton and radon) are stable atoms with eight electrons in the outside energy level. Some atoms lose, gain or share electrons to have eight electrons in the outside energy level like the closest noble gas and become chemically stable.
 Understand that when atoms bond chemically, they do so to become more stable.

Having the outside energy level full or “complete” like noble gases is more stable than other electron arrangements.

 To achieve stability metals may lose electrons and nonmetals may gain electrons producing ions which form ionic bonds.

Group 1 and Group 2 metals lose electrons so that their outside energy level is “complete” or full, forming a stable electron structure like a noble gas. They become positively charged particles (positive ions) because there are fewer electrons (-) than protons (+).

 Group 16 and Group 17 nonmetals tend to gain electrons so that their outside energy level is “complete” or full, forming a stable electron structure like a noble gas. They become negatively charged particles (negative ions) because there are more electrons (-) than protons (+). Oppositely charged ions attract each other to form ionic bonds.

 Nonmetal atoms bond with each other by sharing electrons to obtain an electron situation like one of the noble gases and, therefore, become stable. This type of bonding is called covalent bonding.
Teaching Lesson A:
Noble Gas Worksheet

Introduction to the lesson:
It is believed that when atoms of other elements react chemically they do so by losing, gaining or sharing electrons to try to reach an electron situation like or similar to one of the stable elements.  The oxidation number of an element is the charge of the atom when it has lost control of a number of electrons which will make it positively(+) charged or gained control of a number of electrons which will make it negatively(-) charged.

Lesson time:

0.5 days
Materials Needed:

periodic table
Essential Question:

How does an atom bond to become chemically stable?

Procedure:
Look at the Periodic Table:


The number of electrons for an atom can be found in the square with the symbol.  List the number of electrons for atoms of each of the following elements.  Predict how each one might become more stable.

Name of Element
Symbol   # of Electrons
How might it become more stable?

Lithium

____

____

___________________________

Oxygen

____

____

___________________________

Chlorine

____

____

___________________________

Potassium

____

____

___________________________

Calcium

____

____

___________________________

Hydrogen

____

____

___________________________

Assessing the Lesson:

Formative Assessment 

Lesson A.

Predict the oxidation number of lithium in a compound. ______

Predict a likely oxidation number of chlorine in a compound _______

Predict the oxidation number of strontium (Sr) _________.

Predict some elements that might react with each other: _________ and ___________,________ and ________,    ___________ and __________
Teaching Lesson B:

Periodicity of Oxidation Numbers

Introduction to the lesson:

Some oxidation numbers can be predicted from a periodic table. Students will discover how the location of the element can be used to predict whether the number will be positive or negative and the magnitude of the number.
Lesson time:

.5 days
Materials Needed:

Blank periodic table and periodic table
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Essential Question:

Is there a periodicity of oxidation numbers?

Procedure:

Use the periodic table to help you predict trends in oxidation numbers. Above the group number, write in all of the oxidation numbers that that group (or family) has in common. Example: see Group 2. Do the same for Groups 1, 4, 14, 15, 16 and 17.
	List of elements with possible oxidation numbers:
	

	Ba(+2)
	CI( +5)
	H( + 1)
	Sb(+3)
	Ca(+2)

	CI(+7)
	Rb(+I)
	Br( -1)
	K( + 1)
	Sn(+4)

	Pb( +4)
	Ta(+4)
	N(+3)
	0(-2)
	P(-3)

	See +4)
	Br(+5)
	Sb(-3)
	Sb( +5)
	S(+4)

	P(+5)
	S( -2)
	S( +6)
	As(+5)
	C( +4)

	B(+3)
	In(+3)
	Na(+I)
	Mg(+2)
	I( -1)

	Al(+3)
	Be(+2)
	Ga(+3)
	Pb(+2)
	Te(+6)

	N(-3)
	See +6)
	N( +5)
	Se(-2)
	Be(+3)

	Te( -2)
	P(+3)
	1(+7)
	Bi(+5)
	1(+5)


Assessing the Lesson:

Formative Assessment 

Lesson B

Answer the following questions:

1.
(a) Explain one obvious relationship between the group numbers and one of 
the positive oxidation states._______________________________


(b) Are there exceptions to this relationship?_______________________

2.
(a) Explain the Octet Rule (look it up if necessary) _____________________

________________________________________________


(b.) How does the Octet Rule help explain some of the positive oxidation 
numbers? ______________________________________________


(c.) If a negative ion is formed by gaining electrons, can you relate the Octet 
Rule to the negative oxidation number? _____________________________ 

3.
(a) Write a rule that help you use the Periodic Table to predict one of the 
positive oxidation numbers. _____________________________________


(b) Write a rule that will help you use the Periodic Table to predict the only 
negative oxidation number. ___________________________________

4.
(a) Where would you predict that negative ions would most likely be found 
on the Periodic Table?______________________________


(b) Are Negative ions classified as metals or nonmetals?________________


(c) Why is bismuth the only member of Group VB that doesn’t have a 
negative oxidation number? _________________________________

5.
Predict the oxidation numbers that you would expect astatine (element 
85) to have? _________________________________________

Answers

1. a. One of the positive oxidation numbers is equal to the group number


b. Yes, the noble gases never have a positive oxidation number.

2.
a. The octet rule states that an atom will lose, gain or share enough electrons 
to achieve an outer electron structure like its nearest noble gas neighbor.


b. Atoms with one two or three outer electrons will lose electrons so that 
they have an outer noble gas structure and a charge of +1, +2, or +3.


c. Atoms with five, six or seven outer shell electrons will gain electrons to 
achieve a noble gas structure and a charge of -1,-2,or -3.

3.
a. The ones place value in the group number will give you a positive 
oxidation number. Group 1 would have a positive oxidation number of +1 
and group 16 would have a positive oxidation number of +6.


b. The only negative number for groups 15, 16, and 17 is equal to  eight 
minus the ones place value. For oxygen, 6-8=-2 and for chlorine, 7-8=-1.
4.
a. In groups 15, 16, and 17.(on upper right side of periodic table)


b. nonmetals


c. It is a metal

5. -1, +7, +5 and +3.

Summative Assessment
EOC type questions

1. Which of the following are transferred or shared when two atoms react 
chemically?


A. protons


B. neutrons


C. electrons

D. positrons

2. Which group in the periodic table forms ions that have a valence or 
oxidation number of 1+?


A. 1


B. 2


C. 16

D. 17

3. Negative ions are formed when neutral atoms gain —


A. electrons _


B. protons


C. neutrons

D. positrons
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4. Which of the above is an ion with a charge of 1+?


A. 1 

B. 2 

C. 3 

D. 4

5. Which of the following describes what takes place when iron (Fe) is 
oxidized to Fe+2 ions?


A. A gain of two electrons


B .A loss of two electrons _


C. A gain of two protons


D. A loss of two protons
6. Which of these elements contains four valence electrons?


A. Helium


B. Beryllium


C. Carbon _


D. Oxygen
Answers 
1. C
2. A
3.A
4.A
5. B
6.C
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:  1
	(one day equals 90 min)

	Standard(s) addressed:  PS-4 The student will demonstrate an understanding of chemical reactions and the
classifications, structures, and properties of chemical compounds

	

	Chemical Bonding

	Indicator
	Recommended Resources
	Suggested Instructional Strategies
	Assessment Guidelines

	4.1
Explain the role of bonding in achieving chemical stability.

	SC Science Standards Support Guide

https://www.ed.sc.gov/apps/cso/standards/supdocs_hs.cfm?

Adopted Physical Science Textbook (see appendix for correlations)

http://www.visionlearning.com/library/module_viewer.php?
www.scool.co.uk/gcse/chemistry/chemical-bonding.html
Streamline SC


Physical Science Series: Chemical Bonding


Introduction (1:15)




Atoms and Bonding (1:40)


Electrons and Energy Levels (1:01)

Stability and Chemical Bonds (1:37)
	See Module 4-1
Lesson A 

  Noble Gas Worksheet 

Lesson B 

  Periodicity of Oxidation  

  Numbers-activity 


	Assessment 1
EOC Type Questions

The objective of this indicator is to explain the role that bonding has in the achievement of chemical stability, therefore, the primary focus of assessment should be to construct cause and effect models about how elements form bonds to attain stability (an electron situation like one of the noble gases, which have two or eight electrons in the outer energy level).

In addition to explain, assessments may require that students

Summarize the major points about elements bonding to achieve stability;

	Indicator
	Recommended Resources
	Suggested Instructional Strategies
	Assessment Guidelines

	
	Common Types of Common Bonds (7:22)


	
	Compare the number of electrons in a stable configuration and a less stable configuration;

Infer whether bonded or unbonded atoms are more stable; 
Exemplify elements that transfer electrons or share electrons.



Standard: The student will demonstrate an understanding of chemical reactions and the classifications, structures, and properties of chemical compounds.





Indicator: Explain the role of bonding in achieving chemical stability.





Other indicators addressed: PS-2.1, 2.3, 2.5








