Covalent Bonding – Molecular Models
Purpose:  To construct models of molecules of covalent substances in order to show what shapes the molecules form, and represent the molecule by drawing it on paper.

Materials:  Molecular model kits.

Introduction:  A covalent bond is formed between two atoms, through sharing a pair of electrons.  All of the bonds in the molecules we will be constructing to covalent bonds.  The molecular model kits allow us to create three dimensional structures that represent what the molecule looks like in real life.  From these models we will then be able to draw structures on paper, which represent the molecules.

How to use the Molecular Model Kits:

Each model kit has several different pieces which we will use to construct our models.  Each piece represents either a bond or an element:

ELEMENT

SYMBOL
COLOR
# OF HOLES (Maximum Number of Bonds Formed to This Element)

Carbon

C

Black


4

Hydrogen

H

White


1

Oxygen

O

Red


2

Chlorine

Cl

Green


1

Bromine

Br

    “


1

Nitrogen

N

Blue


4

Sulfur


S

Yellow


4

Bonds:

New Kit




Old Kit

Non-flexible plastic connectors

Flexible metal springs are used

are used for single bonds.


for all bonds

Flexible plastic connectors are

used for double and triple bonds.

· Now that you know what is in each kit, you need to know how to use the kit.

· You will be given a molecular formula containing all of the atoms in the molecule.

· You will then get each of those atoms from your molecular model kit.

· Now form bonds between the atoms in the molecule, using the connectors in the kits.

· In cases where there is more than two atoms in the molecule, you will need to determine the central atom(s) in the molecule.  Generally, this can be done by making the central atom the one that can form the most bonds to it (has the most holes).  All other atoms in the molecule will then form bonds to these central atoms.

· The final thing that you need to do, to complete your structure, is to make sure the maximum number of bonds between the atoms are formed.  If there are holes empty on two connecting atoms they will try to form double and triple bonds to fill as many of those holes as possible.

Examples:

1)  Formula:  HCI


Name:  Hydrochloric Acid

To make the molecular model for this molecule you will need to take one white hydrogen and one green chlorine out of the kit and connect the two atoms to form one bond between hydrogen and chlorine.   This will form the molecule.

2)  Formula:  CH4


Name:  Methane 

To make the molecular model for this molecule you will need to take one black carbon and four white hydrogen molecules out of the kit and connect, with single bonds, the hydrogen atoms to each of the four holes in the carbon atom.  Carbon is the central atom because it can have four bonds to it and hydrogen can only have one.

Determining the shape of the molecule:

Once you have correctly formed the molecules you can then determine what the molecular shape of the molecule is.  There will be four different shapes that can be formed from the molecules that we will be making.

Linear – When the molecule is formed it will look like a straight line.










_________________

Bent – The molecule will look bent

Pyramidal – If you were to draw lines between all of the atoms in the molecule the figure formed would look like a pyramid

Tetrahedral – Formed when there are four bonds to a central atom, forming the shape of a tetrahedron

Trigonal Planar – Formed when there are three atoms bonded to a central atom, one of the three atoms are double bonded to the central atom.  This forms a molecule that looks like a triangle in one plane.
Double and Triple Bonding:

Double and triple bonds can only form between atoms with the ability to form two or more bonds to them.  Therefore, hydrogen, bromine, chlorine will never have double or triple bonds on them.  Other atoms can form double and triple bonds as well as single bonds.   This is because every atom wants to form the maximum number of bonds possible.  Double bonds are presented by what looks like an equal sign that is drawn between the two atoms.  The triple bond is represented by three similar lines between the atoms.  Use the flexible pieces in your model kit to make double and triple bonds between two atoms.  For example, Carbon has four holes, which means that it wants to form four bonds.  If it were bonded to two Oxygen atoms it would form two bonds with each of the oxygen atoms so that it can form four bonds.  The resulting molecule would have two double bonds in it, for a total of four bonds.

O = C = O   (Carbon dioxide)
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Data:  Now use what we have learned to make models of the molecules below.  You will need to identify the shape of the molecule and then draw in the space provided.

DATA TABLE

	Formula


	Shape of Molecule,

(linear, bent, pyramidal, or tetrahedral)
	Drawing of the Molecule

	H2
	
	

	O2
	
	

	Cl2
	
	

	N2
	
	

	BrCl
	
	

	HBr
	
	

	H2O
	
	

	CO2
	
	

	H2S
	
	

	NH3
	
	

	CH4
	
	

	CCl4
	
	

	CH3Cl
	
	

	C2H2
	
	

	C2H4
	
	

	CSCl2
	
	

	NH4+
	
	

	SiH2O
	
	

	Create three structures of your own using 3,4,and 5 atoms


	
	

	
	
	

	
	
	


Questions you must answer with the Covalent Models Project

1.  Why are there four holes in the model for the atom nitrogen?

2.  Compare the molecules of N2 and H2.  Which molecule has the longest bond?  Why? 

3. If you have a molecule with a double or triple bond in it that molecule could be what two shapes?  What determines which of those shapes the molecule is? 
4.  When you make the diatomic molecule for nitrogen, which way are the open holes facing and why.

5a. If a molecule has two atoms its shape is _________________________.

b.  If a molecule has all single bonds and four atoms it takes the shape of _______________________  or _________________________.

6.  What shape is the molecule SiS2?

