Molecular Models Lab                      Name__________________ #_____
With an understanding of electron configuration in atoms, we can predict how atoms bond together to form molecules.  Lewis structures are diagrams that show exactly how atoms are bonded to one another.  All valence electrons are shown in the Lewis structure, both shared and unshared.  Shared pairs of electrons between two atoms form covalent bonds.  These are represented with a dash.  A single dash is one shared pair of electrons (single covalent bond), two dashes is two shared pairs of electrons (double covalent bond) and three dashes is three shared pairs of electrons (triple covalent bond).  Unshared electrons exist in pairs and are called lone pairs.  Single unshared electrons are rare and exist only in structures called radicals.

The rules for drawing Lewis structures are as follows:

Step 1: Count the total number of valence electrons

· Gp1-8 = Gp #

· Gp12-18 = Gp # - 10

· anion: add e-

· cation: subtract e-

Step 2: Draw the molecular skeleton

· Central atom usually lowest EN

· H never central

· All other atoms will bond to central

Step 3: Connect atoms with single bonds

Step 4: Place remaining valence e- on atoms as lone pairs to satisfy the octet rule (shares 8 e-)

· H only shares 2 e-

· Be only shares 4 e-

· B only shares 6e-

Step 5: For any atoms that don’t have enough for an octet, shift electron pairs around to form a double or triple bond.

Try to keep the molecule symmetrical

Step 6: If there are any extra electron pairs, place them on the central atom – even if it gives them more than an octet.

· Only elements in period three or higher can share more than an octet.

· They do so by using d orbitals

· Valence bond theory will explain this.

The Lewis structure is the key to predicting many properties of our molecule.  One of these is geometry.  The Valence Shell Electron Pair Repulsion Theory (VSEPR) helps us with this.

The Valence Shell Electron Pair Repulsion Theory (VSEPR)

“Electron pair groups in the valence shell of the central atom will repel each other and arrange themselves in a particular geometry to maximize the distance apart from one another.”

This is called the Orbital Geometry or Electronic Geometry.

Electron Pair Groups:

1. Lone Pairs

2. Bonded Atoms (single, double or triple bonded atoms count only as one group)

The total number of electron pair groups determines the orbital geometry.

The orbital geometry is theoretical in the sense that we don’t distinguish between lone pairs and bonded atoms.  To get an idea of what the molecule would “actually look like”, we would consider only the geometry of the bonded atoms, ignoring the lone pairs.  This is called Molecular Geometry or Molecular Shape.  Molecular shape is determined by looking at the number of bonded atoms versus lone pairs.

See Table from PPt or Book.

If there are no lone pairs, molecular geometry and orbital geometry are the same.

The polarity of the molecule can also be determined from the Lewis structure.  Unsymmetrical shapes will have the electrons distributed unequally and creates a dipole.  This causes one side of the molecule to be slightly positive and the opposite side to be slightly negative and results in the molecule being polar.  For a molecule to be symmetrical, it must have symmetry with respect to both bonded atoms and lone pairs.

For this lab, we will put all these ideas together.  For the following molecules/ions, first count the valence electrons and draw the Lewis structures.  Then, use the structure to predict molecular geometry and bond angle(s).  Finally, decide on the symmetry and polarity of the molecule.

*Starred molecules are one that share too many electrons or too few; they violate the octet rule.

 You will build the following with your kits (SOME MAY BE ON THE BOARD FOR THOSE LEFT BLANK).  You must participate in construction or you will receive a significant reduction in your grade. The first one is answered as an example, but you must build it! 
	H2O
	Total Valence 

Electrons:

8 electrons
	Lewis Structure:
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	Total Electron 

Pair Groups:

4 groups
	Orbital Geometry:

tetrahedral
	Bond angle(s)

109.5o

	
	
	
	
	
	

	
	
	
	Number of 

Bonded Atoms:

2 bonded atoms
	Molecular Shape:

bent
	Symmetrical?

Yes   /  No
Polar? 

Yes   /   No

	NH3
	Total Valence 

Electrons:
	Lewis Structure:
	Total Electron 

Pair Groups:
	Orbital Geometry:
	Bond angle(s)

	
	
	
	
	
	

	
	
	
	Number of 

Bonded Atoms:
	Molecular Shape:
	Symmetrical?

Yes   /  No

Polar? 

Yes   /   No

	SiF4
	Total Valence 

Electrons:
	Lewis Structure:
	Total Electron 

Pair Groups:
	Orbital Geometry:
	Bond angle(s)

	
	
	
	
	
	

	
	
	
	Number of 

Bonded Atoms:
	Molecular Shape:
	Symmetrical?

Yes   /  No

Polar? 

Yes   /   No

	CO2
	Total Valence 

Electrons:
	Lewis Structure:
	Total Electron 

Pair Groups:
	Orbital Geometry:
	Bond angle(s)

	
	
	
	
	
	

	
	
	
	Number of 

Bonded Atoms:
	Molecular Shape:
	Symmetrical?

Yes   /  No

Polar? 

Yes   /   No

	CF2Cl2
	Total Valence Electrons:
	Lewis Structure:
	Total Electron 

Pair Groups:
	Orbital Geometry:
	Bond angle(s)

	
	
	
	
	
	

	
	
	
	Number of 

Bonded Atoms:
	Molecular Shape:
	Symmetrical?

Yes   /  No

Polar? 

Yes   /   No

	SO2
	Total Valence 

Electrons:
	Lewis Structure:
	Total Electron 

Pair Groups:
	Orbital Geometry:
	Bond angle(s)

	
	
	
	
	
	

	
	
	
	Number of 

Bonded Atoms:
	Molecular Shape:
	Symmetrical?

Yes   /  No

Polar? 

Yes   /   No

	*BI3
	Total Valence Electrons:
	Lewis Structure:
	Total Electron 

Pair Groups:
	Orbital Geometry:
	Bond angle(s)

	
	
	
	
	
	Hybrid Orbitals

	
	
	
	Number of 

Bonded Atoms:
	Molecular Shape:
	Symmetrical?

Yes   /  No

Polar? 

Yes   /   No

	HCHO
	Total Valence Electrons:
	Lewis Structure:
	Total Electron 

Pair Groups:
	Orbital Geometry:
	Bond angle(s)

	
	
	
	
	
	

	
	
	
	Number of 

Bonded Atoms:
	Molecular Shape:
	Symmetrical?

Yes   /  No

Polar? 

Yes   /   No

	CN-
	Total Valence Electrons:
	Lewis Structure:
	Total Electron 

Pair Groups:
	Orbital Geometry:
	Bond angle(s)

	
	
	
	
	
	

	
	
	
	Number of 

Bonded Atoms:
	Molecular Shape:
	Symmetrical?

Yes   /  No

Polar? 

Yes   /   No

	*PF5
	Total Valence Electrons:
	Lewis Structure:
	Total Electron 

Pair Groups:
	Orbital Geometry:
	Bond angle(s)

	
	
	
	
	
	

	
	
	
	Number of 

Bonded Atoms:
	Molecular Shape:
	Symmetrical?

Yes   /  No

Polar? 

Yes   /   No

	CO3 2-
	Total Valence 

Electrons:
	Lewis Structure:
	Total Electron 

Pair Groups:
	Orbital Geometry:
	Bond angle(s)

	
	
	
	
	
	

	
	
	
	Number of 

Bonded Atoms:
	Molecular Shape:
	Symmetrical?

Yes   /  No

Polar? 

Yes   /   No

	NH4 +
	Total Valence 

Electrons:
	Lewis Structure:
	Total Electron 

Pair Groups:
	Orbital Geometry:
	Bond angle(s)

	
	
	
	
	
	

	
	
	
	Number of 

Bonded Atoms:
	Molecular Shape:
	Symmetrical?

Yes   /  No

Polar? 

Yes   /   No

	
	Total Valence 

Electrons:
	Lewis Structure:
	Total Electron 

Pair Groups:
	Orbital Geometry:
	Bond angle(s)

	
	
	
	
	
	

	
	
	
	Number of 

Bonded Atoms:
	Molecular Shape:
	Symmetrical?

Yes   /  No

Polar? 

Yes   /   No

	
	Total Valence 

Electrons:
	Lewis Structure:
	Total Electron 

Pair Groups:
	Orbital Geometry:
	Bond angle(s)

	
	
	
	
	
	

	
	
	
	Number of 

Bonded Atoms:
	Molecular Shape:
	Symmetrical?

Yes   /  No

Polar? 

Yes   /   No

	
	Total Valence 

Electrons:
	Lewis Structure:
	Total Electron 

Pair Groups:
	Orbital Geometry:
	Bond angle(s)

	
	
	
	
	
	

	
	
	
	Number of 

Bonded Atoms:
	Molecular Shape:
	Symmetrical?

Yes   /  No

Polar? 

Yes   /   No

	
	Total Valence 

Electrons:
	Lewis Structure:
	Total Electron 

Pair Groups:
Number of 

Bonded Atoms:
	Orbital Geometry:
Molecular Shape:
	Bond angle(s)

	
	
	
	
	
	

	
	
	
	
	
	Symmetrical?

Yes   /  No

Polar? 

Yes   /   No
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