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Instructional Progression: 
In the 7th grade students were introduced to atoms as summarized in indicator 7-4.1. Students have not been previously introduced to the concepts in this indicator. In Physical Science students will explain the concept of ionic bonding and transfer of electrons to become more chemically stable. Ions with opposite electrical charges attract and stick together to form a crystal lattice.
Taxonomy level of indicator:

2.2-B Understand Conceptual Knowledge
Key Concepts:

Ionic bonds

Ions

Electron transfer 

Crystal lattice
Content Overview:
It is essential for students to

Understand that metal atoms tend to lose electrons to become stable and that metals in groups 1 and 2 can most easily achieve a stable electron configuration by losing electrons to obtain an electron situation like the closest noble gas. For example:

 Group 1 metals have one electron in the outer energy level which is one more than the noble gas just before it in the periodic table. Group 1 metals will tend to lose one electron so that its outer energy level becomes stable like the closest noble gas. The atom becomes an ion with a 1+ charge because the number of electrons (-) is now one less than the number of positive protons.

Group 2 metals have two electrons in the outer energy level which is two more than the noble gas just before it in the periodic table. Group 2 metals will tend to lose two electrons so that the outer energy level becomes stable like the closest noble gas. The atom becomes an ion with a 2+ charge because the number of electrons (-) is now two less than the number of positive protons.

 Understand that nonmetal atoms tend to gain electrons. For example:

 Group 16 atoms have two electrons less that the closest noble gas on the periodic table and six electrons in the outside energy level. Group 16 atoms, such as oxygen, become stable by gaining two electrons so that its outer energy level becomes like the closest noble gas. The atom becomes an ion with a 2- charge because it now has two more negative electrons (-) than positive protons.

 Group 17 atoms have one electron less that the closest noble gas on the periodic table and seven electrons in the outside energy level. Group 17 atoms, such as chlorine, can become stable most easily by gaining one electron so that its outer energy level becomes like the closest noble gas. The atom becomes an ion with a 1- charge because it now has one more negative electron (-) than positive protons.

Understand that ionic bonds form when positively charged metal ions attract negatively charged nonmetal ions due to the attraction between oppositely charged particles.

 Positively and negatively charged ions surround each other and pack together as closely as possible to form an ionic crystal.

The ions cluster in a ratio that will cancel the net charge of the ions.
Show examples of ionic crystals or recognize examples of ionic crystals.

Examples may be in the form of pictorial diagrams, or verbal descriptions or electron dot formulas.

Illustrations of ions should indicate the name and the charge of the ion the illustration represents.

 Illustrations of crystals must indicate the identity of the ions that compose the crystal and show the ions in a crystal lattice. (PS-2.5)

For example
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Sodium atoms lose one electron each to form sodium ions;
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Chlorine atoms gain one electron each to form chloride ions.
These oppositely charged ions then attract each other in a one to one ratio to form a crystalline arrangement of many ions. Sodium chloride can be represented as follows:
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Sodium chloride

or as a Pictorial diagram:
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Teaching Lesson A:

How the Ions Are Arranged in Sodium Chloride, A Typical Ionic Crystal  (activity)

Introduction to the lesson:
Sodium chloride is taken as a typical ionic compound. Compounds like this consist of a giant (endlessly repeating) lattice of ions. So sodium chloride (and any other ionic compound) is described as having a giant ionic structure. You should be clear that giant in this context doesn't just mean very large. It means that you can't state exactly how many ions there are. There could be billions of sodium ions and chloride ions packed together, or trillions, or whatever - it simply depends how big the crystal is. That is different from, say, a water molecule which always contains exactly 2 hydrogen atoms and one oxygen atom - never more and never less. A small representative bit of a sodium chloride lattice looks like this:
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If you look at the diagram carefully, you will see that the sodium ions and chloride ions alternate with each other in each of the three dimensions.
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This diagram is easy enough to draw with a computer, but extremely difficult to draw convincingly by hand. We normally draw an "exploded" version which looks like this:

Only those ions joined by lines are actually touching each other. The sodium ion in the centre is being touched by 6 chloride ions. By chance we might just as well have centered the diagram around a chloride ion - that, of course, would be touched by 6 sodium ions. Sodium chloride is described as being 6:6-co-ordinated.  You must remember that this diagram represents only a tiny part of the whole sodium chloride crystal. The pattern repeats in this way over countless ions.
Lesson time:

.50 day
Materials Needed:

toothpicks, two sizes of styrofoam balls (one small and another twice the size), very sharp drawing  pencils, markers of two colors

Teacher Notes:

The choice in size of the styrofoam balls should be related to the actual ionic radii of the two elements involved. The ionic radius of sodium is 95 picometers and that of chloride is 181 picometers. A picometer is 10-12 meters. So, use one set of ions twice the size of the other.

Essential Question:

How can a model be constructed that will represent an ionic crystal of sodium chloride?
Procedure:
A. Drawing the structure

Draw a perfect square:
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Now draw an identical square behind this one and offset a bit. You might have to practice a bit to get the placement of the two squares right. If you get it wrong, the ions get all tangled up with each Other in your final diagram.

Turn this into a perfect cube by joining the squares together:
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Now the tricky bit! Subdivide this big cube into 8 small cubes by joining the mid point of each edge to the mid point of the edge opposite it. To complete the process you will also have to join the mid point of each face (easily found once you've joined the edges) to the mid point of the opposite face.
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Now all you have to do is put the ions in. Use different colors or different sizes for the two different ions, and don't forget a key. It doesn't matter whether you end up with a sodium ion or a chloride ion in the centre of the cube - all that matters is that they alternate in all three dimensions.


You should be able to draw a perfectly adequate free-hand sketch of this in under two minutes - less than one minute if you're not too fussy!

B. Constructing the crystal

Using the material provided, construct a crystal of sodium chloride as shown in the above picture.

Assessing the Lesson:

Formative Assessment 

Lesson A.

Questions:
1. Which of the ions is the larger? Why?__________

2. What color represents the sodium ion? ____ the chloride ion? _____

3. What is the shape of the crystal? ________

4. What do the toothpicks represent? _________

5. Explain why it is difficult to melt ionic compounds? __________
Summative Assessment

EOC Type Questions

1.               [image: image8.emf]

Which of the above is an ion with a charge of 1+?


A. 1


B. 2


C. 3


D. 4

2.  Which compound contains ionic bonds?


A. NaCl _


B. MgBr2

C. CH4

D. NH3
3. The type of bond found in calcium chloride is —


A. covalent


B. nonpolar


C. metallic

D. ionic
4. Elements from which two groups in the periodic table would most likely


combine with each other to form an ionic compound?


A. 1 and 2


B. 16 and 17


C. 1 and 17 _


D. 17 and 18
5. The correct formula of an ionic compound containing Al+3and S-2

is —


A. AlS

B. AlS3

C. Al2S3 _


D. Al3S2
Answers 
1.A

2.A

3.D

4.C

5.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:  .5
	(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

	PS–4.3
Illustrate the fact that ions attract ions of opposite charge from all directions and form crystal lattices.

	Streamline SC

Physical Science Series: Chemical Bonding

Ionic Bonds (2:18)




Structure of Ionic Bonds (0.54)

Streamline SC

Elements of Chemistry: Compounds and

Reactions

Ionic Bonds (3:21)

http://molo.concord.org/database/activities/284.html
This is a great interactive site explaining crystals and effect of heat. 


	See Module 4-3
Lesson A 

How the Ions Are Arranged in Sodium Chloride, A Typical Ionic  Crystal  (activity)


	Assessment 1
EOC Type Questions

The objective of this indicator is to illustrate that ions attract ions of opposite charge from all directions to form crystal lattices, therefore, the primary focus of assessment should be to use diagrams, pictures, or word models to show that positive and negative ions attract each other to form crystals. In addition to illustrate, assessments may require students to

Classify substances as ionic crystals; Summarize the formation of ionic crystals and ions; Compare the formation of positive and negative ions;

Represent ionically bonded 

	Indicator
	Recommended Resources
	Suggested Instructional Strategies
	Assessment Guidelines

	
	
	
	compounds; or

Exemplify positive and negative ions.


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





Indicator: Illustrate the fact that ions attract ions of opposite charge from all directions and form crystal lattices.





Other indicators addressed: PS-2.5











