Pre-Laboratory Assignment for: Lewis Structures and Molecular Models for Covalent Compounds Lab

1. Vocabulary: (Please define or describe the following)
a. Lewis structure - 
b. Formal charge –
c. Resonance structures – 
d. VSEPR theory - 

2. Summarize the purpose of this lab?  Use your own words and complete sentences

3. In your notebook for this prelab, draw the best Lewis structure for each of the compounds listed in the report form. 
4. Copy the following table into your NB and complete the missing information.  You will use this table while completing the lab. 
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Lewis Structures and Molecular Models for Covalent Compounds Lab
Introduction
The purpose of this lab is to gain experience drawing correct Lewis structures for molecules of covalent compounds, predicting their structures, and building models of those molecules to visualize their shapes in three dimensions.  You will evaluate the geometries, polarities, resonance, and hybridization of a series of molecules.  Many physical and chemical properties of compounds depend upon the shape or geometry of the molecule and its polarity. For example, molecular shape and polarity help determine a compound’s boiling point, freezing point, and viscosity.
Drawing Lewis Structures:  While Lewis dot structures are fairly easy to draw for simple compounds such as Cl2 and H2O, there are other compounds for which it is not immediately obvious how a dot structure should be drawn.  If you follow the steps below, you will be able to determine the correct structure every time.  This lab will help you gain experience in using these steps so you will be able to write Lewis dot structures for complex molecules and ions in this lab.  
Steps to draw Lewis Dot Structures
Terms to know:
Valence electrons:  Equal to group number (for the elements in the “A” groups in the periodic table).
Octet rule:  Most elements are “satisfied” when sharing eight electrons.  Exceptions:  H (2), Be (4), B (6), Al (6)
Terminal atom:  Atom attached to only one other atom in the molecule.
Central atom:  Any non-terminal atom in a structure.
Bonding pair:  A pair of electrons represented by a line. These electrons hold two atoms together via a chemical bond.
Nonbonding pair (lone pair):  A pair of electrons that does not participate in bonding.  Represented by a pair of dots associated with one atom.
	The Steps:
	An example, NH3
	An example, NO–

	1. Count the total number of valence electrons in the molecule.
Anions:  add 1 electron per charge
Cations:  subtract 1 electron per charge
	One N = 5
Three H’s = (3)(1) = 3
Total = 8 valence electrons (4 pairs)
	One N = 5
One O = 6
(–1) charge = 1
Total = 5+6+1 =  12 valence electrons (6 pairs)

	2. Arrange atoms (the central atom is the one farthest from fluorine on the periodic table).  Occasionally you will be told how to arrange the atoms.
Exception:  H is NEVER a central atom
	[image: ]
	
                 N      O

	3. Add bonds between the central and terminal atoms 
(1 bond = 2 electrons).
	[image: ]
	
                N—O

	4. Count the total number of electrons that you have used to make bonds.  Any unused electrons are added to the terminal atoms (2 at a time, in pairs) until the octet rule is satisfied.
Exception: Hydrogen NEVER has lone pairs.
	Three bonds = (2)(3) = 6 electrons.  Two unused electrons, but hydrogen cannot have more than two electrons.  Hydrogen NEVER has lone pairs.
	One bond = 2 electrons, so there are 10 unused electrons (5 pairs)
(It is not possible to satisfy the octet rule for both atoms at this stage)
[image: ]

	5. Add any leftover electrons (in pairs) to the central atom.
	[image: ]
	Does not apply

	6. Check octet rule.  If an element is not satisfied, change a non-bonding electron pair (lone pair) into a bonding pair.  Continue only until the octet rule is satisfied for all elements (don’t forget about the exceptions).
	All elements fulfill the octet rule.  Final structure is shown in step 5.
	Oxygen has 6 electrons and therefore needs 2 more electrons to satisfy the octet rule.  Convert a lone pair on N  to a bonding pair, making a double bond between N and O. 
[image: ]

	7. Check formal charges if central atom can expand its octet or if multiple bonds can be in different locations.
	PO4-3
all single bonds fulfill the octet rule
	1 or 2 double bonds reduce formal charges, but 1 double bond has (-1) on more electronegative oxygen atom.



Resonance:
Some molecules have more than one valid Lewis structure. If a molecule has two or more valid Lewis structures that differ only in the arrangement of electrons, and not the arrangement of atoms, then it has resonance.  In this lab, you will draw one resonance structure when necessary and will indicate the number of valid resonance structures there are for the molecule. Resonance occurs only in compounds that can contain multiple bonds.

Formal Charge:
If more than one Lewis structure can be drawn that satisfies the octet rule, it is necessary to determine the formal charges of all the atoms to determine the best resonance structure.  This is often the case when a central atom can expand its octet (third period or below) because the octet can be satisfied with single bonds but can expand to accommodate double bonds.  The best resonance structure has smallest formal charges (closest to zero).  If an equal spread of formal charges is possible for more than one structure, then the correct structure is the one with the negative formal charge residing on the more electronegative atom.

Molecular Polarity:
Covalent molecules can be classified as polar or nonpolar.  A polar molecule contains polar covalent bonds that are asymmetrically arranged.  This lack of symmetry causes an uneven distribution of electron density around the central atom that leaves part of the molecule with a  negative region, and a different part of the molecule with a positive region.  

Model Kits:
Molecular model kits are used to visualize the shapes of molecules.  They are useful because they represent the molecules in three dimensions, as opposed to two-dimensional drawings. Chemists learn to automatically think of these 3D structures when looking at a 2D drawing. You will be building models of several molecules. First you will determine and draw the best Lewis structure.  Be sure to build a model of your molecule before answering any of the other questions especially before deciding its shape and polarity.  The different colored balls represent certain atoms, according to the chart below.  You can either use the tear-drop shape to represent lone pairs, or you can use balls with the holes missing in the location of the lone pairs.  For example, a red oxygen ball could have 2, 3 or 4 holes, but they will always be in the tetrahedral arrangement so that the one with 2 holes will be in the “bent/109.5” arrangement and the one with 3 holes will be in the trigonal pyramidal arrangement.  Beware of the central atoms that are in the third period or below (like sulfur).  Since they can expand their octet they can have different electron pair geometries (4 tetrahedral, 5 trigonal bipyramidal or 6 octahedral).  The color can be substituted, but be sure to choose the correct number of holes in the colored ball that you choose for these central atoms!


	Color
	Element

	Black
	Carbon

	White
	Hydrogen

	Red
	Oxygen

	Blue
	Nitrogen

	Purple
	Phosphorous

	Green
	Any Terminal Halogen

	Yellow
	Sulfur

	Any color with the correct number of holes
	Central:
 halogen, noble gas or other



The short grey links are used to represent single covalent bonds.  Two longer flexible grey links are used to represent a double bond, and three flexible grey links are needed for a triple bond.

Lab Procedure

Complete the information required in the attached tables neatly.  Draw the Lewis structure and make a model of each molecule and have your instructor initial under the formula before taking it apart.  For any molecule or ion with resonance structures, draw one resonance structure and indicate the total number of resonance structures.  Look at the model to determine the symmetry and therefore the polarity of the molecule.  Be sure to draw and construct models for all of your molecules in the time allowed.  The rest of the columns can be finished outside of lab if needed.


Drawing Wedge-and-Dash Structures
You now understand the connection between Lewis structures and molecular shapes and are familiar with those three-dimensional shapes. Finally, chemists need to describe three-dimensional molecular structures in two-dimensional drawings. To do this, we use drawings that imagine the molecule imbedded in a piece of paper and indicate whether each atom is split by the paper, in front of the paper, or behind the paper. That is, the drawing indicates whether an atom is in the plane of the paper, is coming towards you, or is away from you. These are called wedge and dash drawings and the bonds tell the tale of the three-dimensional shape.

A line indicates a bond that is in the plane of the paper, connecting two atoms that are in the plane of the paper.
A wedge represents a bond between two atoms where the thick side of the wedge is connected to an atom that is closer to you.
[image: ]A dash represents a bond to an atom that is farther from you.
In the structure here, the top H, the C and the lower left H
are all in the plane of the paper. The H atom bonded with
wedge is closer to you than the paper (and the C atom). The 
H atom bonded with the dashed line is farther from you 
than the paper (and the C atom).

Draw wedge and dash depictions for CH2I2 and for SF6.




Name ____________________________________________________	Date___________	Pre-lab (1pt)  ________
Partner  ___________________________________________________				Report (up to 9pts)___________   or  Re-submit
Report Form-  Lewis Structures and Molecular Models for Covalent Compounds Lab
*If resonance, draw only 1 structure but consider the resonance when you calculate bond order.  
The first row is completed for illustration. 
	
	Best Lewis Structure*
indicate non-zero formal charges next to each atom
i.e. (+1) 
	Electron Pair Geometry around each central atom
	Molecular Geometry around each central atom 
	Bond Angles (BA)
and
Bond Orders (BO)
	Polar or Non-Polar Molecule?
	Hybridization around each central atom
	Build the Molecule in the pHet simulation
and attach a picture

	CH4



	(0) For all formal charges[image: ]
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