Step 1/2: Explorations in 

Mathematics and Science Teaching

Title of Lesson: Polarity and Geometry
UFTeach Students’ Names: Amber Pettit and Ashlie Kinnaman
Teaching Date and Time: October 19th/ 11:55 AM-12:45 PM and 1:45 PM-2:40 PM
Length of Lesson: 50 minutes
Grade / Topic: High School/ Chemistry Honors
Source of the Lesson: Amber Pettit and Ashlie Kinnaman
Concepts

In order for a molecule to be considered polar, it must have a slightly positive end that is opposite a slightly negative end. The molecule has a permanent dipole moment. A molecule cannot have a dipole moment if it is too symmetric. If the molecule is too symmetric, each end of the molecule will have the same properties and the molecule will be non-polar. When the molecule is not entirely symmetric, bonded atoms will unequally share electrons. This unequal sharing creates a dipole moment. The unequal sharing of electrons is referred to as electronegativity. The resulting charge separation from the unequal sharing of electrons is called a bond dipole and is larger when the difference in electronegativities between bonded atoms is larger. The molecule’s overall polarity is the sum of the bond dipole vectors within the molecule. Symmetric molecules then have a net dipole of zero since the bond dipoles cancel. In addition, lone pairs contribute to the molecule's dipole moment.

Though Lewis dot structures
can help predict the shapes of molecules, valence-shell electron-pair repulsion (VSEPR) theory gives the actual geometric shape of molecules. The VSEPR theory states that the geometric shape of a molecule is formed in a way that minimizes electron repulsion in the valence shell of an atom.
http://www.chem.ufl.edu/~itl/2045/lectures/lec_16.html
http://chemed.chem.purdue.edu/genchem/topicreview/bp/ch8/vsepr.html
Florida State Standards (NGSSS): 

· Grade 912, SC.912.P.8.6, Big Idea 8: Matter - Distinguish between bonding forces holding compounds together and other attractive forces, including hydrogen bonding and van der Waals forces.  Cognitive Complexity: Level 2: Basic Application of Skills & Concepts.
· Grade 912, SC.912.P.8.7, Big Idea 8: Matter - Interpret formula representations of molecules and compounds in terms of composition and structure. Cognitive Complexity: Level 2: Basic Application of Skills & Concepts.
Performance Objectives
Students will be able to:
· Draw Lewis Dot structures
· Use a model kit to show the formula representations of molecules and compounds in terms of structure

· Name the geometric structure of a molecule or compound
· Determine whether a molecule or compound is polar or nonpolar
Materials List and Student Handouts


· 6 Model Kits (one per lab table)
· 6 direction sheets (one per lab table)

· Each student needs their periodic tables with electronegativities
· White board to put molecular formulas on

· Post assessment worksheets for each individual student
Advance Preparations
· Make sure each model kit has enough pieces for the students to make the given molecules
· One model kit set up at each lab table
· One direction sheet at each lab table

Safety 

· Do not eat any of the pieces in the model kit or throw them at anyone.
5E Lesson
	ENGAGEMENT                                                                                                            Time:__5 minutes__

	What the Teacher Will Do
	Teacher Directions and Probing Questions
	Student Responses and Potential Misconceptions

	Show model of molecule to class and give them the chemical formula. Explain how each colored ball corresponds to an element in the chemical formula.
	How would you create the model of how the molecule looks three-dimensionally?
What would be your first step?

What would you have to know about each element in order to create a geometric model of the molecule?
	[Make sure to have all the atoms of the molecule bonded correctly.]
[Create a Lewis Dot structure]
[The amount of valence electrons for each element]

	
	Keep this information in mind as we work through today’s lesson.
	


	EXPLORATION
                                                                                                 Time: __20 minutes__

	What the Teacher Will Do
	Teacher Directions and Probing/Eliciting Questions
	Student Responses and Misconceptions

	Teacher will explain the directions for the explore.
	Today we are going to explore the geometric shapes of molecules and also determine whether a molecule or compound is polar or nonpolar.
You will be working in groups at the lab tables for this activity. At each table is a set of directions that you will follow for each molecule that I will list on the board. Please do not write on the papers. Each person in the group should write on their own paper.
	[image: image1.png]


               Focus on directions for the explore. Let the students know what they will be doing.

	Teacher will go over the safety precaution.
	For this activity, you will be working with model kits for making 3-D models of the molecules that I will list. Do not put any of the pieces in your mouths or throw them at anyone.
So what are you not supposed to do?
	[Throw model pieces or put them in our mouths]

	Teacher will move students to the lab tables into the groups that the teacher made.
	Everyone pull out your periodic tables. You will need them to look up electronegativities.
	

	Teacher will write the formulas of the molecules (BF3, Water, CHBr3, PCl5, and XeF4) and put the color code for the model kit on the board.
	Go ahead and follow the directions on the worksheet. I will be coming around to answer any questions that you may have.
	

	Teacher will ask probing questions.
	How many valence electrons does boron have?
Fluorine?

How did you get trigonal planar as the molecular shape of BF3?

Is boron or fluoride more electronegative?

Which direction did you draw the arrow? Why?

(Can reuse questions as they pertain to the other molecules.)
	[3]
[7]

[It has 3 bonding groups and no lone pairs]

[fluoride]


For each molecule:

1. Draw the Lewis Dot structure.

2. Use the model kit to create the molecule or compound.

3. Use the table at the bottom to name the electron-pair and molecular geometry.

4. State the electronegativity for each atom.
a. Which atom has the highest tendency to pull electrons toward itself?
b. Give the difference in electronegativity between the central atom and each bonded atom.

Is it greater than 0.1?
c. If the difference is greater than 0.1, on your Lewis Dot structure, draw an arrow between the central atom and each bonded atom that points toward the atom with a higher electronegativity.

	# of lone pair electrons on 'central' atom
	# of bonding groups (pair electrons) on 'central' atom
	
Electron-pair Geometry
	
Molecular Geometry

	0
	2
	linear
	linear

	0
	3
	trigonal planar
	trigonal planar

	1
	2
	trigonal planar
	bent

	0
	4
	tetrahedral
	tetrahedral

	1
	3
	tetrahedral
	trigonal pyramidal

	2
	2
	tetrahedral
	bent

	0
	5
	trigonal bipyramidal
	trigonal bipyramidal

	1
	4
	trigonal bipyramidal
	seesaw

	2
	3
	trigonal bipyramidal
	T-shaped

	3
	2
	trigonal bipyramidal
	linear

	0
	6
	octahedral
	octahedral

	1
	5
	octahedral
	square pyramidal

	2
	4
	octahedral
	square planar

	EXPLANATION








Time: __20 minutes__

	What the Teacher Will Do
	Teacher Directions and Probing/Eliciting Questions
	Student Responses and Misconceptions

	Teacher will go over the geometric shape portion of the explore and will explain the VSEPR theory.
	Now we are going to take a look at what you all filled out for the listed molecules.
[Name], can you come draw the Lewis dot structure for BF3 on the board? You may use your paper.
Does everyone agree with this drawing?

Good. What did you get for the shape, [name]?

And why did you choose that shape?

Who knows why the fluorides are equally spread out?
[If no one knows]

In order to minimize the repulsion between the valence electrons in the atoms, the fluorines would have to be spread out equally.

Does anyone know what VSEPR stands for?

VSEPR stands for valence shell electron pair repulsion, which simply assumes that each atom in a molecule will achieve a geometry that minimizes the repulsion between electrons in the valence shell of that atom.

[Name], can you come draw the Lewis dot structure for water on the board?

Does everyone agree with this drawing?
What did you get for the shape, [name]?

And why did you choose that shape?
Why are the hydrogens pushed so far down?
Does anyone want to come draw the Lewis dot structures for Methyl bromide (CHBr3), PCl5, and XeF4 on the board? [If not call on 3 students]

Does everyone agree with these drawings?
What did you get for the shapes? [Do one at a time]
And why did you choose that shape?
	[Yes or no depending on what the student drew.]
[Trigonal Planar]

Other shapes

[It has 3 bonding groups and no lone pairs]

[It minimizes electron repulsion between the atoms]

[Valence shell electron pair repulsion theory]

No

[Yes or no depending on what the student drew.]
[Bent]

Other shapes

[It has 2 bonding groups and one lone pair]
[Lone pair repulses them]
[Yes or no]

[Tetrahedral for CHBr3, trigonal bipyramidal for PCl5, and square planar for XeF4]

Other shapes

[4 bonding groups and no lone pairs CHBr3, 5 bonding groups and no lone pairs PCl5, and 4 bonding groups and 2 lone pairs XeF4]

	Teacher will go over the polarity portion of the explore. Teacher will explain polarity.
	[Name], for BF3, which atom or atoms had the highest tendency to pull electrons toward itself?
Was the difference in electronegativity greater than 0.1 between each bonded atom and the central atom?
Please come up to the board and draw the arrows that you put on your Lewis dot structure that point toward the atom with higher electronegativity.
Does everyone agree with these arrows?

Since the electronegativity is greater than 0.1, the fluorides pull electrons from boron toward themselves, and this creates a charge separation from unequal sharing of electrons.

Which atom or atoms would then be partially negative? Why?
Partially positive?

This charge separation creates a bond dipole, which is also called a polar bond but will only be polar if the difference in electronegativity is greater than 0.1 and less than 1.6.
How does this relate to the arrows that you drew?

We are actually missing something from our arrow, however. In addition to having the arrow head point toward the partial negative charge, a plus sign is made at the opposite end of the arrow in order to tell our positive side of the bond from the negative charge.
But this only tells us that the bond is polar.
Who knows how we can determine if the entire molecule is polar or nonpolar?

We can do this by summing up the bond dipole vectors.

But first, let’s take a look at the symmetry of the molecule.

Would you consider BF3 symmetric? Why?

We will define symmetry as the equal pull of electrons from the central atom to the bonded atoms or the bonded atoms to the central atom in opposite directions.
The strength of the pull is determined by what?

The strength of the pull is determined by the differences in electronegativity between the bonded atoms and the central atom. The pull is larger when the difference in electronegativity between bonded atoms and the central atom is larger.
Again, would you consider BF3 symmetric? Why?

If the molecule is symmetric and the pulls are equal, what does this tell us about our dipole vectors?
So for BF3 what happens when we sum up the polar bond vectors?
Would this molecule have an overall polarity? Why?

Good. Then, this molecule would be considered non-polar.

Let’s take a look at water.

Which atom or atoms had the highest tendency to pull electrons toward itself?

Does this molecule have polar bonds? How do you know?
Who would like to draw the arrows on the Lewis dot structure?

In addition to our bonds, we also have a lone pair for water.
How do you think the lone pair contributes to the molecule’s polarity?
The lone pair has a partial negative charge. If we relate this to a bond dipole, the arrowhead would point towards the lone pair.
Is water polar? How do you know?

[Name], can you draw an arrow that shows the overall polarity of water?

[If there’s time, teacher can do the other three molecules]
	[Fluoride]
Boron

[Yes, it was 2 for all]
[Yes or no]

[Fluorides, pulls electrons]

Boron

[Boron]

Fluorides

[Arrow head points toward partial negative charge and the bond is polar.]
[Sum up the bond dipole vectors within the molecule]

Don’t know

[Yes, each fluorine pulls equally on the electrons from boron]

Looks the same if you cut it in half.
[Difference in electronegativity]

[Yes, each fluorine pulls equally on the electrons from boron]

[They are equal in magnitude]
[They cancel]

They give some direction.

[No, because all of the bond dipoles cancel/it is symmetric]

[Oxygen]

Hydrogens

[Yes, electronegativity difference between O and H > 0.1]
[It has a partial negative charge, arrow head points toward it]

[Yes, the sum of the bond dipole vectors does not cancel/it is not symmetric.]




	ELABORATION








Time: 10 minutes

	What the Teacher Will Do
	Probing/Eliciting Questions
	Student Responses and Misconceptions

	Show video to students 
http://chemed.chem.purdue.edu/demos/main_pages/24.16.html
	
	

	Discuss the role of polarity in dissolving substances 
	
	

	Discuss the concept of “like dissolves like” (Polar substance dissolves in polar substances. Nonpolar substance dissolves in nonpolar substances.)
	
	


	EVALUATION








Time: __5 minutes__

	What the Teacher Will Do
	Assessment
	Student Responses

	Teacher will hand out the short assessment and tell the students to answer each question. Ask the students to do their own work and answer honestly, as you just want to know how much they learned.
	Fill out the worksheet honestly and individually. This is not for a grade. This is just to let us know how well I did.
	


Name: _____________________

Date: _____________________

Post Assessment

	# of lone pair electrons on 'central' atom
	# of bonding groups (pair electrons) on 'central' atom
	
Electron-pair Geometry
	
Molecular Geometry

	0
	2
	linear
	linear

	0
	3
	trigonal planar
	trigonal planar

	1
	2
	trigonal planar
	bent

	1
	3
	tetrahedral
	trigonal pyramidal

	2
	2
	tetrahedral
	bent

	2
	3
	trigonal bipyramidal
	T-shaped

	3
	2
	trigonal bipyramidal
	linear


1. Give the electron pair and molecular geometry of the following molecules:

a. NH3
b. Carbon dioxide (CO2)

2. Are the following molecules polar? Draw the Lewis dot structure to support your claim.
If so, what is the overall polarity?
a. SF6
b. CF3Br

Name: ____​Key__________
Date: __________________

Post Assessment
	# of lone pair electrons on 'central' atom
	# of bonding groups (pair electrons) on 'central' atom
	
Electron-pair Geometry
	
Molecular Geometry

	0
	2
	linear
	linear

	0
	3
	trigonal planar
	trigonal planar

	1
	2
	trigonal planar
	bent

	1
	3
	tetrahedral
	trigonal pyramidal

	2
	2
	tetrahedral
	bent

	2
	3
	trigonal bipyramidal
	T-shaped

	3
	2
	trigonal bipyramidal
	linear


1. Give the electron pair and molecular geometry of the following molecules:

a. NH3
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1 lone pair
3 bonded pairs

trigonal pyrimidal
b. Carbon dioxide (CO2)
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No lone pairs

2 bonded pairs

linear

2. Are the following molecules polar? Draw the Lewis dot structure to support your claim.

If so, what is the overall polarity?
a. SF6
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  Dipole bonds cancel

nonpolar
b. CF3Br
[image: image5.wmf]Fluorides on left and right cancel. Since fluoride is more electronegative than bromide, molecule is polar.









