Physical Science

Science

Module 

4.4
Chemical Bonding and Reactions

Lessons
A & B

Instructional Progression: 
In the 7th grade students translated chemical symbols and the chemical formulas of common substances to show the component parts of the substances (including NaCl

[table salt], H2O [water], C6H12O6 [simple sugar], O2 [oxygen gas], CO2 [carbon dioxide], and N2 [nitrogen gas]). (7-5.2)

In Physical Science students will expand their concepts of chemical compounds and elements by classifying the bonds as ionic or covalent and the combination as molecular or crystalline compounds.
Taxonomy level of indicator:

2.3-B Understand Conceptual Knowledge
Key Concepts:

Ionic crystals

Molecular substances
Content Overview:
It is essential for students to

Ionic Crystals

 Understand that ionic crystals consist of metals bonded to nonmetals.

 In general when metals react with nonmetals, electrons are transferred from the metals to the nonmetals.

 The metals form positive ions and the nonmetals form negative ions.

 Positively charged metal ions attract negatively charged nonmetal ions.

 These positive and negatively charged ions pack together as closely as possible in a crystal lattice to form an ionic crystal.

 Examples of ionic crystals may include: sodium chloride (NaCl), sodium hydroxide (NaOH), calcium fluoride (CaF2), and potassium iodide (KI).

Molecular Substances

Understand that molecular substances often consist of nonmetals.

When nonmetals form compounds with other nonmetals, they form covalent bonds.

 Nonmetals will share electrons with each other to become stable.

 Bonds formed by sharing electrons are covalent bonds.

 Molecules are compounds that have covalent bonds.

 Examples of molecular substances may include: hydrogen gas (H2), carbon dioxide (CO2), water (H2O), and sugar (C6H12O6).
Teaching Lesson A:
Pooling Colors
Introduction to the lesson:
Water is a molecular substance that has areas of definite charge making its molecules polar. Since water is molecular, it tends to dissolve molecular materials to some extent. Because it is polar, it tends to dissolve ionic substances to a much greater extent. Oil on the other hand, is a molecular substance that is nonpolar. Therefore, oil tends to dissolve only nonpolar substances. 
Lesson time:

0.5 day
Materials Needed:

Two Petri dishes

Overhead projector

Water

Baby oil or mineral oil
Iodine crystals
Potassium permanganate crystals

Essential Question:

What kind of substances dissolve in water and what kind dissolve in oil?
Procedure:
Place the two Petri dishes on a clear plastic sheet on an overhead projector. Add enough water to each dish to cover the bottom. In each dish, carefully add enough oil to form a small “pool” in the water. In one dish, drop a few iodine crystals into both the “pool” and the surrounding water. The iodine will dissolve in the oil, but only very slightly in the water. In the other dish, drop a few crystals of potassium permanganate into both the “pool” and the surrounding water. Notice that the potassium permanganate dissolves in the water but not in the “pool”. This demonstration can serve as an introduction to the concept of immiscibility and to the idea that “like dissolves like.”

Assessing the Lesson:

Formative Assessment 

Lesson A.

Questions:
1. In which material did the iodine dissolve? ________ What does this fact indicate about the type of bonding in iodine? ___________
2.
In which material did the potassium permanganate dissolve?_________ What can you conclude about the bonding in this substance? _____________

3.
If your little sister marks the wall with crayon what material would you suggest using to remove the crayon marks? __________ Why?_____


____________________________________________________
Answers:

1. The iodine dissolves better in the oil. This indicates that the iodine and the oil both have same type of bonding, covalent. Both are organic in nature.

2. The potassium permanganate dissolved better in the water. This indicates that the bonding in potassium permanganate is ionic since water tends to dissolve ionic compounds. (Water is polar.) Both are inorganic in nature.

3. The crayon is made of wax which is organic so we would need something organic such as baby oil.

Teaching Lesson B
Classification of Ionic and Molecular Compounds

Introduction to the lesson:
Substances may be classified by examining their properties. Students will observe appearance, test conductivity, compare solubility and melting points in order to distinguish ionic and molecular compounds.




Lesson time:

1 day

Materials Needed:


Table salt (NaCl)


hot plate


Baking soda (NaHCO3)

*conductivity pens


Copper (II) sulfate


stirring rod


Paraffin



aluminum foil


Table sugar



small plastic cups or well plates


Rubbing alcohol (isopropyl)
magnifying lens

Essential Question:

How can ionic and molecular substances be distinguished?

Procedure:

1. Use a magnifying lens to examine each solid sample.

2. Fill each of six plastic cups (or well plates) half-full of water. Add a pinch of a solid to one of the cups. Repeat for each of the five solids. Use a few drops of the alcohol in the sixth well. Stir each. Observe if any of them dissolves in water. DO NOT DISCARD ANY THAT DISSOLVE!!!
3. Use the conductivity apparatus to test each substance that dissolved in the water

4. Place a small amount of each SOLID substance on the same piece of aluminum foil. Place on hot plate over LOW heat for no longer than 5 minutes. DO NOT PLACE ALCOHOL NEAR THE HEAT SOURCE!

DATA TABLE

	Sample
	Appearance
	Solubility in Water
	Conductivity
	Melting (high or low temperature
	Type 

(ionic or molecular)

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	


Assessing the Lesson:

Formative Assessment 

Lesson B.

Questions:

1.
Compare the structure of ionic and molecular compounds. Which solids have a crystalline structure? Amorphous structure? Describe.

2.
Compare the solubility of ionic and molecular compounds

3.
Compare the electrical conductivity of ionic and molecular compounds.

4.
Compare the melting points of ionic and molecular compounds.

5.
Would liquids and gases more likely exhibit ionic or molecular covalent bonding and properties?

6.
What kinds of elements are present in ionic compounds?

7.
Why is it dangerous for a person to be on the open ocean during a lightning storm?

8.
What kind of bonding would you expect in chocolate candies? Explain.

Answers:

1. Ionic materials are crystalline and molecular are amorphous.
2. Ionic compounds generally dissolve in water and molecular compounds dissolve in organic substances such as oil.

3. Ionic substance dissolve in water and the solutions conduct. The molecular substances do not conduct.
4. Ionic compounds are high melting and the molecular substances have low melting points.

5. Liquids and gases would exhibit molecular properties.

6. Ionic compounds consist of metal(s) and nonmetal(s).

7. The ocean is a solution of salt water (NaCl in water and other salts) so this solution of ionic compounds in water is an excellent conductor of electricity.

8. Chocolate candies melt easily so they are probably molecular.
Summative Assessment
EOC Type Questions

1. The type of bond found in magnesium iodide is —


A. covalent


B. nonpolar


C. ionic _


D. metallic
2. A substance melts easily and does not conduct electricity. It is most likely to be
A. molecular

B. ionic
C. metallic
D. polar
Answer A
3. A crystalline substance dissolves in water and conducts in solution. It is most likely classified as

A. molecular

B. ionic
C. metallic
D. polar
4. Ionic compounds

A. have low melting points

B. dissolve in oil

C. conduct electricity in solution

D. are usually amorphous
5. To remove a waxy crayon marking from a wall one might use

A. water

B. baby oil

C. salt water

D. alcohol

Answers
1. C  
2. A  
3. B  
4. C  
5. B
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	PS–4.4
Classify compounds as crystalline (containing ionic bonds) or molecular (containing covalent bonds) based on whether their outer electrons are transferred or shared.

	Streamline SC


Physical Science Series: Chemical Bonding
Ionic Bonds (2:18)

Structure of Ionic Bonds (0.54)

Covalent Bonds (1.23)

Streamline SC


Elements of Chemistry: Compounds

And Reactions

Covalent Bonding (4:07)

Streamline SC
Simply Science: Reaction Equations

Classifying Compounds (9:07)


	See Module 4-4
Lesson A 

Pooling Colors (demo)
Lesson B

Classification of Ionic and Molecular Compounds (lab)


	Assessment 1
EOC Type Questions

The objective of this indicator is to classify compounds as crystalline or molecular based on the bonding, therefore, the primary focus of assessment should be to detect the features of ionic com-pounds or covalent molecules that would place those substances into a particular group. In addition to classify, assessments may require that students

Exemplify an ionic or covalent compound based on the type of bond;
Compare ionic and covalent bonds; also molecular and crystalline ionic compounds; or Infer that bonds are ionic or covalent.


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





Indicator: Classify compounds as crystalline (containing ionic bonds) or molecular (containing covalent bonds) based on whether their outer electrons are transferred or shared.





Other Indicators Addressed: PS-1.1, 1.3, 1.5, 1.9, 3.1








