AP Lab #15 - Bonding: Molecular Geometries and Hybridization 


A single covalent bond is formed when two atoms share a pair of electrons.  Each atom can provide one of the electrons of the pair (though there are exceptions).  A group of atoms held together by covalent bonds is called a molecule.  Molecules can be either polar or nonpolar.  If the bonds are nonpolar, then the molecule is nonpolar.  If bonds are polar, molecules can be either polar or nonpolar.  If, for example, the molecule has symmetry (an even distribution of charge resulting in a shape that appears even on all sides).  Polar molecules do not have symmetry.  Some possible molecular geometries for molecules include: linear, bent, tetrahedral, and trigonal planar, trigonal pyramidal, octahedral, seesaw, T-shape,  trigonal bipyramidal, square pyramidal, and square planar.  Some atoms violate the octet rule.  This means that they can have more or less than eight electrons surrounding them.  To form bonds with other atoms, the electrons in different orbitals must hybridize into new orbitals of similar energies.  Hybrid orbitals are orbitals of equal energy produced by the combination of two or more orbitals of the same atom. Examples of hybrid orbitals are sp, sp2, sp3, sp3d and sp2d2.
Science Practices: [3.B, 6.A, 6.C]

Objective
How can we predict molecular shapes, bond angles and hybridizations of molecules? How do we calculate formal charge and what does it tell us?
Materials



AP molecular model building kit

Procedure
1. Obtain a molecular model building kit.  Study the reference card to identify the 




different kinds of atoms.

2.   Make observations about the model kit that was given (See the materials sheet provided).
3.  Note that the plastic tubes can represent single, double or triple bonds. 

4.  Construct models of the following molecules:

       CO2 , BH3 , NO2-1 , CCl4 , PH3 , H2O ,  PCl5 , SF4 , ClF3 , XeF2  , SF6 , BrF5 ,  XeF4
5.  Record your data on the table below.  Record observations about the molecules made.
Observations 

Make observations about this experiment based on the virtual molecular structures you made.  

Data - Molecular Model Data

Molecular   
Structural     
  Molecular  
Electron-pair      Bond Angles
Hybridization
Formula       Formula           Geometry
Geometry





*(Drawing)

CO2 
 ________    
   ________
 ________    
      ________

__________

BH3 
________    
   ________
 ________    
      ________

__________

NO2-1 
________    
   ________
 ________    
      ________

__________

CCl4 
________    
   ________
 ________    
      ________

__________

PH3 
________    
   ________
 ________    
      ________

__________

H2O 
________    
   ________
 ________    
      ________

__________

PCl5 
________    
   ________
 ________    
      ________

__________

SF4 

________    
   ________
 ________    
      ________

__________

ClF3 
________    
   ________
 ________    
      ________

__________


XeF2  
________    
   ________
 ________    
      ________

__________

SF6 

________    
   ________
 ________    
      ________

__________

BrF5 
________    
   ________
 ________    
      ________

__________

XeF4
________    
   ________
 ________    
      ________

__________

*Note please do your drawings on a separate sheet of paper.  Do not cram your picture onto one line.  And don’t forget the electron dots.
Calculations   


1.   Calculate the formal charge on each atom of each molecule listed above.


Discussion
· Answer the objective including the formula for formal charge.

· What can be concluded about how shape and hybridization are related? 
· Can any molecular shapes be determined just from knowing the molecular formula?
Additional Discussion Questions 

1.  What is the difference between molecular geometry and electron-pair geometry?

2.  Which molecular geometries will always have more than one angle?

3.  What is a sigma bond and what is a pi bond?  What molecules have pi bonds?
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