Atomic Orbital and Molecular Modeling Simulations: VALENCE BOND THEORY
Objectives: 
· To describe the hybrid orbitals

· To describe the sigma and pi bonds

· To predict hybridization based on the molecular shape

· To count then number of sigma and pi bonds in a molecule

Pre-lab

1. List the four types of atomic orbitals
2. The angle between the px, py, and pz orbitals is __________

3. The bond angle in a tetrahedral molecule is __________

4. Briefly describe how molecular shapes are determined:
Check out http://www.uwosh.edu/faculty_staff/gutow/Orbitals/Cl/Cl_AOs.shtml  to build a chlorine atom and see what all the orbitals look like together.
Navigate to: http://www.uwosh.edu/faculty_staff/gutow/Orbitals/N/What_are_hybrid_orbitals.shtml 

1. Figure 1: Do any of the orbitals point to the hydrogen atom? 

2. Why is this a problem?

3. The solution is to create four new orbitals. To get four orbitals, we need to use _____ atomic orbitals. 

4. Study Table 1.  What is the relationship between number of atoms around the central atom and the hybridization?

Click on the link for the sp hybrid page (it is in the description under figure 2) or here:

http://www.uwosh.edu/faculty_staff/gutow/Orbitals/N/sp%20hybrid.shtml 

5. Use the drop down menus to add orbitals to the viewing screen.  Click and drag on the screen to move the orbitals around.  You can add more than one orbital to the screen.  How are the drop down menus different between sp, sp2 and sp3? 
6. Describe or draw the hybrid orbitals.  
a. sp

b. sp2
c. sp3
7. Click on the “double bond” link at the top of the page.   Read through the tutorial and click on the buttons until you can answer the following: 
a. What is a ( bond?

b. What is a ( bond?  (Note where the electron density is)
c. Does hydrogen bond by making hybrid orbitals? 

d. Single bonds are made of (how many)_____ sigma bond(s) and (how many) ____ pi bond(s)?

e. Double bonds are made of (how many)_____ sigma bond(s) and (how many) ____ pi bond(s)?

Application

1. Triple bonds are probably made of (how many)_____ sigma bond(s) and (how many) ____ pi bond(s)?

2. What is the relationship between number of pi bonds and hybridization? (in other words, if a molecule has one pi bond, what hybridization will it have?)
3. Why can’t the ethylene molecule rotate around the C-C bond axis? 

In other words:   The ethylene molecule has a planar shape: two triangles pointed at each other in the same plane (see picture 1 below).  Why can’t it ever look like picture 2 below: two triangles pointed at each other in planes that are perpendicular to one another?


[image: image1]
4. In a previous class you learned that atoms in the 3rd period and down can have more than 8 electrons around them.  For example, Phosphorus can make 5 bonds (10 electrons) and Sulfur can make 6 (12 electrons).  Atoms in the 3rd period and down can do this because they have ________ orbitals available to them. 
5. If four bonds are made by hybridization of 4 atomic orbitals (sp3 hybridization: one s and 3 p orbitals makes 4 new orbitals) how many bonds would be made through: 

a. dsp3 hybridization?

b. d2sp3 hybridization?


6. What VSEPR shapes correspond to 

a. dsp3 hybridization?

b. d2sp3 hybridization?


ANSWERS

a. Pairs of electrons in the valence shell of a central atom repel each other.

b. These pairs of electrons tend to occupy positions in space that minimize repulsions and maximize the distance of separation between them.

c. The valence shell is taken as a sphere with electron pairs localizing on the spherical surface at maximum distance from one another.

d. A multiple bond is treated as if it is a single electron pair and the two or three electron pairs of a multiple bond are treated as a single super pair.

e. Where two or more resonance structures can depict a molecule the VSEPR model is applicable to any such structure.
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