Gateway 125,126, 130
Fall 2006
Studio 4b p10

Studio 4b:  Shape sorter

1) Determine molecular geometry based only on rules of nature

2) Illustrate how atoms and lone pairs interact with one another

3) Visualize the three dimensional arrangement of atoms in covalent structures

Reading:  VSEPR 9.1-9.2 p 384-397
Groups:  A Reporter; B Leader; C Recorder

Question:  Do Lewis structures tell all?

Data/Fact Gathering

Lewis structures provide a great deal of useful information about molecules.  However, the structures do not provide a three dimensional picture of the molecule.  The shape and geometry of molecules are very important in studying chemical reactions.  Reactions that take place in living systems, for instance, are very sensitive to molecular shape.  Symmetry is one of the common trends observed in shapes in nature.  Natural shape symmetry is illustrated in Figure 1.





Figure 1:  Natural Symmetry
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Another important trend in nature is that like forces repel each other.  Therefore, electrons align themselves as far apart as possible.  Lone pairs are not confined to a bond and therefore they spread out and take up more space – they are bulky.

Creating a Model

You will predict the three dimensional geometry of a series of molecules using three simple rules (also know as VSEPR or valence-shell electron-pair repulsion model):

1) Nature loves symmetry!  (equal bond lengths and angles)

2) Electrons like to be as far apart from each other as possible without disrupting the symmetry too drastically.

3) And, lone pairs take up more space because they are not confined by bonds.

Materials

3 large spheres (central atom)

3 medium spheres (lone pairs)

9 small spheres (atoms bonded to central atom)

12 toothpicks (bonds)

Protractor

The “3” Electron Pair Geometry

1) Draw the Lewis Structures for borane (BH3), and nitrite (NO2- ) in the space provided on the data sheet on the next page.

2) Build the two structures described below.  Do not disassemble the structures you will be presenting to the class.
a) Borane (BH3)

3. Insert the toothpicks into 3 small spheres, which represent hydrogens.  A large sphere represents a boron atom.  Insert the hydrogen toothpicks around the boron atom.  Remember to follow the model rules!  Draw your structure in the space provided on the data sheet.

4. Once an appropriate structure is obtained, use the protractor to measure the angle between the bonds and record it on the data sheet.  If necessary, remove one of the spheres to get a correct measurement.

b) Nitrite (NO2-)

3. Use a large sphere to represent nitrogen, a medium sphere to represent a lone pair of electrons, and two small spheres for oxygens.  Build the structure remembering the rules.  Draw your structure on the data sheet.

4. Measure the angle between the two oxygen atoms (O-N-O bond angle).  Record the angle on the data sheet.

5) Each of these molecules have the same electron-pair geometry as they all have three groups of electrons (a pair shared with another atom or a lone pair) around the central atom.  What would you name this geometry?

6) Each of these molecules has a unique molecular geometry (look only at the atoms around the central atom and not lone pairs.)  What would you name each?
Borane


	Bond Angle
	Angle Measurement

	H-B-H
	


	Electron pair geometry
	

	Molecular geometry
	


Nitrite


	Bond Angle
	Angle Measurement

	O-N-O
	


	Electron pair geometry
	

	Molecular geometry
	


The “4” Electron Pair Geometry

7) Draw the Lewis Structures for methane (CH4), ammonia (NH3), and water (H2O) in the space provided on the data sheet on the next page.
8) Build the three structures described below.  Do not disassemble the structure/s you will be presenting to the class.  
a) Methane (CH4)

9. Insert the toothpicks into 4 small spheres, which represent hydrogen atoms.  A large sphere represents a carbon atom.  Insert the hydrogen toothpicks around the carbon atom.  Remember to follow the model rules!  Draw your structure in the space provided on the data sheet.

10. Once an appropriate structure is obtained, use the protractor to measure the angles between two hydrogen atoms (H-C-H bond angle).  Record the angle/s on the data sheet.  You may need to remove one of the spheres to get a correct measurement.

Ammonia (NH3)

9. Use a large sphere to represent a nitrogen atom, a medium sphere to represent a lone pair of electrons, and three small spheres for hydrogen atoms.  Build the structure remembering the rules.  Draw your structure on the data sheet.

10. Measure the angle/s between two hydrogen atoms (H-N-H bond angle).  Record the angle/s on the data sheet.   If necessary, remove one of the spheres to get a correct measurement.

Water (H2O)

9. Use a large sphere to represent an oxygen atom, two medium spheres to represent the lone pairs and two small spheres to represent the hydrogen atoms.  Build and draw the structure.

10. Measure the angle between the hydrogen atoms (H-O-H).  If necessary, remove one of the spheres to get a correct measurement.

11) All of these molecules have the same electron-pair geometry. What would you name this geometry.

12)  Each of these molecules has a unique molecular geometry (look only at the atoms around the central atom and not lone pairs.)  What would you name each? 

 Methane


	Bond Angle
	Angle Measurement

	H-C-H
	


	Electron pair geometry
	

	Molecular geometry
	


Ammonia


	Bond Angle
	Angle Measurement

	H-N-H
	


	Electron pair geometry
	

	Molecular geometry
	


Water


	Bond Angle
	Angle Measurement

	H-O-H
	


	Electron pair geometry
	

	Molecular geometry
	


Evaluation

13) Should all of the angles in methane be equal?  Why or why not?

14) In ammonia, which angle should be larger, LP-N-H or H-N-H?  Why?

15)  In water, which angle should be smaller, LP-O-H or LP-O-LP?  Why?

____________________________________________________STOP HERE!!!

The “5” Electron Pair Geometry
16) Draw the Lewis Structures for phosphorous pentachloride (PCl5), sulfur tetrafluoride (SF4), bromine trifluoride (BrF3) and xenon difluoride (XeF2 ) on the data sheet on the next page.

17) Build the three structures described below.  You may need to disassemble some structures to build others.

a) Phosphorous pentachloride (PCl5)
18. Insert the toothpicks into five small spheres, which represent chlorine atoms.  A large sphere represents a phosphorous atom.  Insert the chlorine toothpicks around the carbon atom.  Remember to follow the model rules!  Hint:  Start with the “3” electron pair geometry and then add the other two chlorine atoms.  Draw your structure in the space provided on the data sheet.  
19. Once an appropriate structure is obtained, use the protractor to measure the angle/s between the chlorine atoms and record it/them on the data sheet.  If necessary, remove one of the spheres to get a correct measurement.

b)  Sulfur tetrafluoride (SF4)

18. Use a large sphere to represent a sulfur atom, a medium sphere to represent a lone pair of electrons, and four small spheres for fluorine atoms.  Build the structure remembering the rules.  Draw your structure on the data sheet.

19. Measure the angle/s between two fluorine atoms (F-S-F bond angle).  Record the angle/s on the data sheet.  If necessary, remove one of the spheres to get a correct measurement.
c) Bromine trifluoride (BrF3)

18. Use a large sphere to represent a bromine atom, two medium spheres to represent the lone pair of electrons and three small spheres to represent the fluorine atoms.  Build and draw the structure.

19. Measure the angle/s between the fluorine atoms (F-Br-F).  If necessary, remove one of the spheres to get a correct measurement.
d) Xenon difluoride (XeF2 )

18. Use a large sphere to represent a xenon atom, thee medium spheres to represent the lone pairs  of electrons and two small spheres to represent fluorine atoms.  Build and draw the structure.

19. Measure the angle/s between the fluorine atoms (F-Xe-F).  If necessary, remove one of the spheres to get a correct measurement.

20)  Propose names for the electron pair and molecular geometries.

Phosphorous pentachloride

	Bond Angle
	Angle Measurement

	Cl-P-Cl
	

	Cl-P-Cl
	

	Cl-P-Cl
	


	Electron pair geometry
	

	Molecular geometry
	


Sulfur tetrafluoride 

	Bond Angle
	Angle Measurement

	F-S-F
	

	F-S-F
	

	F-S-F
	


	Electron pair geometry
	

	Molecular geometry
	


Bromine trifluoride

	Bond Angle
	Angle Measurement

	F-Br-F
	

	F-Br-F
	


	Electron pair geometry
	

	Molecular geometry
	


Xenon difluoride


	Bond Angle
	Angle Measurement

	F-Xe-F
	


	Electron pair geometry
	

	Molecular geometry
	


The “6” Electron Pair Geometry

21) Draw the Lewis Structures for sulfur hexafluoride (SF6), bromine pentafluoride (BrF5), and xenon tetrafluoride (XeF4 ) in the space provided on the data sheet on the next page.

22) Build the three structures described below.  You may need to disassemble some structures to build others.

a)  Sulfur hexafluoride (SF6)

23. Use a large sphere to represent a sulfur atom and six small spheres for fluorine atoms.  Build the structure remembering the rules.  Draw your structure on the data sheet.

24. Measure the angle/s between two fluorine atoms (F-S-F bond angle).  Record the angle/s on the data sheet.

c) Bromine pentafluoride (BrF5)

23. Use a large sphere to represent a bromine atom, one medium sphere to represent the lone pair of electrons and five small spheres to represent the fluorine atoms.  Build and draw the structure.

23..Measure the angle/s between two fluorine atoms (F-Br-F bond angle).  Record the angle/s on the data sheet.

d) Xenon tetrafluoride (XeF4 )

23. Use a large sphere to represent xenon atom, two medium spheres to represent the lone pairs of electrons and four small spheres to represent the fluorine atoms.  Build and draw the structure.

24. Measure the angle/s between two fluorine atoms (F-Xe-F bond angle).  Record the angle/s on the data sheet.

25)  Propose names for the electron pair and molecular geometries.

Sulfur hexafluoride 


	Bond Angle
	Angle Measurement

	F-S-F
	


	Electron pair geometry
	

	Molecular geometry
	


Bromine pentafluoride


	Bond Angle
	Angle Measurement

	F-Br-F
	


	Electron pair geometry
	

	Molecular geometry
	


Xenon tetrafluoride


	Bond Angle
	Angle Measurement

	LP-Xe-F
	


	Electron pair geometry
	

	Molecular geometry
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� Taken directly from NC State’s Scale-up chemistry  (http://scale-up.ncsu.edu/)
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