MOLECULAR MODELING: A Study Assignment
CHEM 1405 Laboratory Experiment
Experimental Overview
In today’s lab you will:
1. Draw Lewis Structures of covalent compounds and polyatomic ions.
2. Predict the shape and bond angles of molecules and polyatomic ions.
3. Predict molecular polarity.
1. Drawing Lewis Structures
Lewis Structures of molecules are drawn to show the distribution of valence electrons within a molecule. This can be useful for:
· Understanding bonding in many compounds.
· Predicting shapes of molecules.
· Allowing us to predict properties of molecules and how they will interact with other atoms and molecules.

When drawing Lewis Structures remember:
· Atoms bond because it results in a more stable electron configuration.
· Atoms bond with other atoms by either transferring or sharing electrons. 
· In molecular compounds, atoms form covalent bonds in which electrons are shared between atoms.
· Covalent bonds result when atoms share some of their valence electrons in order to attain a full octet (or duet for Hydrogen).
	
Consider the Lewis Structure of water, H2O: 
An oxygen atom has 6 valence electrons: 
[image: ] 
A hydrogen atom has 1 valence electron:
[image: ]
In water, hydrogen and oxygen share their valence electrons in order to obtain full valence shells. By sharing valence electrons, oxygen attains an octet (8 valence electrons) and hydrogen, a duet (2 valence electrons):
[image: ]

Electrons shared between atoms count toward the octets, or duets, of both of the atoms. These shared electrons are called bonding pair electrons. Valence electrons that are not involved in bonding are called non-bonding pair electrons, or lone pair electrons. 
To draw Lewis Structures of covalent compounds and polyatomic ions, follow the methodology in Table 1 below.
Table 1 - METHODOLOGY FOR DRAWING LEWIS STRUCTURES
	Methodology
	Example:  H2O
	Example: CO2

	1. Sum the total number of valence electrons in the molecule or polyatomic ion. The number of valence electrons can be determined from the element’s position in the periodic table; the A group number.
If an ion, add one e- to the total for each negative charge and subtract one e- for each positive charge. The result is the number of electrons available when drawing the Lewis structure.
	H is in Group 1A = 1 e-
O is in Group 6A = 6 e-

2 x H:  2 x 1 e-  = 2 e-
1 x O:  1 x 6 e-  = 6 e-

Total number of
valence e- available:

2 + 6 = 8 e-
	C is in Group 4A = 4 e-
O is in Group 6A = 6 e-

1 x C: 1 x 4 e- = 4 e-
2 x O: 2 x 6 e- = 12 e-

Total number of valence e- available:

4 + 12 = 16 e-

	2. Draw a skeletal structure for the molecule. Show single bonds as a straight line between atoms
(Note: single bond is = 2 e-).
	H—O—H 
We have used 4 e-
	O—C—O 
We have used 4 e-

	3. Distribute remaining electrons as lone pairs, giving octets (or duets for H) to as many atoms as possible. Start at the terminal atoms and continue until you have used up all of the remaining electrons.
	8 - 4 = 4 e- remaining:

[image: ]

	16 – 4 = 12 e- remaining:

[image: ]

	4. If any atoms do not have a full octet (or duet for H), start forming double or triple bonds: Move lone pairs from the terminal atoms to the bonding regions to form multiple bonds.
	O has a full octet. 
2 x H have duets.

There is no need to form multiple bonds.

	C does not have a full octet. Form double bonds:
[image: ]
[image: ]
All atoms now have full octets.

	5. Final Check: 
Ensure that each atom has a full octet (or a duet for H). The total number of electrons in your final structure should equal the total number of electrons available.
	Total e- available: 8

e- in structure: 8

Structure is complete!
	Total e- available: 16

e- in structure: 16

Structure is complete!



2. Predicting the Shape of Molecules

Lewis Theory, in conjunction with Valence Shell Electron Pair Repulsion (VSEPR) theory can be used to predict the shape (geometry) of molecules. 

VSEPR theory is based on the fact that negatively-charged electron groups repel one another. To minimize this repulsion, electron groups align themselves as far apart as possible around a central atom.  This arrangement of electron groups around the central atom determines the geometry of the molecule.

To predict the shape of a molecule, count the number of electron groups on the central atom. Remember that the term “electron groups” includes:

· Single bonds
· Double bonds
· Triple bonds
· Lone pairs

When using VSEPR to predict the shape of a molecule:

· The term electron-pair geometry describes the arrangement of electron groups around a central atom.
· The term molecular geometry describes the arrangement of atoms around a central atom.
· The bond angle of a molecule describes the angle between bonding-pairs of electrons on the central atom.

If all electron-groups around the central atom are bonding groups: 

electron-pair geometry = molecular geometry

If there are lone pairs of electrons on the central atom: 

electron-pair geometry ≠ molecular geometry


While electron-pair geometry and molecular geometry may be different, the electron-pair geometry is relevant to the molecular geometry in that lone-pairs of electrons exert an influence on bonding pairs.

Table 2, summarizes the electron-pair geometry, molecular geometry and bond angles based on the total number of electron groups and lone-pairs on the central atom (C.A.).

Table 2 - VALENCE SHELL ELECTRON PAIR REPULSION THEORY – VSEPR
	Number of electron groups around C.A.
	Number of lone pairs on C.A.
	Electron pair geometry
	Molecular geometry
	Bond Angle

	
2

	
0
	
Linear:


	
Linear:


	
180

	

3
	

0
	
Trigonal Planar:
[image: ]
	
Trigonal Planar:
[image: ]
	


120


	

3


	

1
	
Trigonal Planar:
[image: ]

	
Bent (Angular):

[image: ]
	


< 120

	

4


	

0
	
Tetrahedral:
[image: ]
	
Tetrahedral:
[image: ]

	


109.5

	

4


	

1
	
Tetrahedral:
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Trigonal Pyramidal:

[image: ]
	


< 109.5


	

4


	

2
	
Tetrahedral:
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Bent (Angular):
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< 109.5




3. Predicting Molecular Polarity

The ability of an atom to attract electrons to itself is called electronegativity. When 2 atoms, having different electronegativities, form a covalent bond, the shared electrons that form the bond will be attracted by the more electronegative element. For example, oxygen is more electronegative that hydrogen so, when hydrogen and oxygen form a covalent bond, the bonding electrons are more likely to be found closer to the oxygen atom than the hydrogen atom. The electrons are shared unequally and the bond is distorted towards the oxygen. This results in a dipole; the oxygen atom has a partial negative charge (-) and the hydrogen atom has a partial positive charge (+). This type of bond is called a polar covalent bond:
δ+ H—O δ-
When a molecule contains more than one bond we can predict the molecular polarity by considering the polarity of the individual bonds, the symmetry of the molecule, and the presence or absence of lone pairs on the central atom. For a molecule to be polar, there must be a net dipole moment. In other words the polar bonds within the molecule must not cancel each other out.

Consider carbon dioxide, CO2:
[image: ]

The oxygen atoms are more electronegative than the carbon atom, so the bonding electrons are attracted to the terminal oxygen atoms, away from the central carbon atom. This results in a partial negative charge at each end of the CO2 molecule. Because of the symmetry of the CO2 molecule, these dipoles cancel each other out and no net dipole results. Thus carbon dioxide is non-polar.

Note:  How did we know to choose carbon as the central atom in this structure?  As a general rule, the least electronegative atom is chosen as the central atom.  Of course, there are exceptions such as H2O.

Consider water, H2O:
[image: ]

Because of the asymmetry of the water molecule, the two polar bonds within the water molecule do not cancel each other out. Thus, water is a polar molecule. 


Polarity Statement

An easy way to predict whether a simple molecule is polar or non-polar is to apply the following statement:

“If all atoms bonded to the central atom are identical, and there are no lone-pairs on the central atom, the molecule is non-polar. In all other cases, the molecule is polar”.

Instructions for completing the lab worksheet

1. [bookmark: _GoBack]Using the methodology described in Table 1, draw Lewis structures of the covalent compounds and polyatomic ions given in the worksheet. You can draw these on scratch paper, and use the structures to complete the rest of the worksheet.

2. Predict the electron-pair geometry, molecular geometry and bond angles of the compounds and ions using VSEPR theory as detailed in Table 2 of this procedure. 

3. Determine whether the compounds are polar or non-polar by applying the polarity statement given above. If the molecule is polar, write “P”. If it is non-polar, write “NP”. 
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