Molecular Geometry lab 

Target audience: 10, 11, & 12

Background and Notes:

The spatial arrangement of "electron clouds" around and between atomic nuclei is what determines the structure and physical properties of matter. Changes in these electron distributions are responsible for observed chemical reactions. In this exercise, we shall investigate chemical bonding.  We shall also investigate the effect of the spatial distributions of the valence shell electrons (both those involved in bonding and those which are not involved in bonding (non-bonding electrons)) on the geometric structure of molecules and ions.

The Chemical Bond

There are two main classifications of elements and three main classifications of bonds. The two types of elements are the metals- Li, Be, Al, Ge, Sb, Po and all others to the left and down on the periodic table- and the non-metals- H, B, Si, As, Te, At, and all others to the right and up on the periodic table.  Metals tend to lose electrons easily while non-metals tend to take or to share electrons. The three major classifications of bonds, which arise from the giving, taking and sharing of electrons, are metallic, ionic, and covalent. 

When neutral metal atoms come together, the outer shell (valence) electrons are completely delocalized into a "sea" of electrons distributed about an array of metal atom nuclei. This is responsible for two important properties of metals: they are very malleable (since the nuclei are not fixed too rigidly in the array) and they conduct electricity (since the electrons are free to move about). Bonds between metal atoms are called metallic bonds.

When an atom (or a group of atoms) loses an electron, a positively charged ion (a cation) is formed. When an atom (or group of atoms) gains an extra electron, a negatively charged ion (an anion) is formed. These oppositely charged ions electrostatically attract one another in what is called an ionic bond. Large clusters of these ions pack together in a three dimensional array to give an observable crystal of an ionic compound with a clearly defined crystalline shape. Two physical properties are characteristic of ionic compounds: they have relatively high melting point temperatures (because of the strength of the huge array of electrostatic interactions) and they dissolve in water giving individual ions, which will conduct electricity (i.e. they are "electrolytes"). (Note: Pure water does not actually conduct electricity. Most water has dissolved ionic compounds in it.) Most bonds between metal and non-metal atoms are ionic.
The third type of bond results from the sharing of electrons between atoms in what we refer to as a covalent bond. The "electron density" between the positively charged nuclei serves as a "glue" to hold them together in a "molecule". The molecules have definite shapes as determined by the arrangement of the electron clouds. Covalent molecules are attracted to one-another by weaker intermolecular forces. Large arrays of molecules cluster to give observable solids which sometimes have crystalline shape (like snowflakes), but which have much lower melting point temperatures. These "molecular compounds" may dissolve in water, but do not usually form ions. They are "non-electrolytes" in that their aqueous solutions do not conduct electricity. Bonds between nonmetal atoms are always covalent.

Some ions, called "polyatomic ions", are composed of two or more (usually non-metal) atoms which are covalently bonded together. Polyatomic ions include CO3-2, PO4-3 and NH4+. Neutral compounds which include polyatomic ions, are still considered ionic and exhibit the same properties as other ionic compounds.

Lewis Dot Structures of Molecules and Ions
Lewis Dot Structures are very useful.  When used in conjunction with Valence Shell Electron Pair (VSEPR) Theory, they explain a lot about the structure and properties of covalent compounds. Drawing Lewis Structures takes understanding and practice, although a few simple rules will suffice for most structures. Of course, there are exceptions to every rule!  Through practice you will learn how to apply the rules and how to recognize the exceptions.  After the Lewis Structure is determined, a molecular geometry can be assigned using simple VSEPR Theory.

VSEPR Theory and Hybridization Theory:
According to VSEPR Theory, when atoms are involved in covalent bonding, the centers of electron density around a given atom - both those involved in single or multiple bonding and non-bonding lone pairs - repel each other and move as far apart around the atom as possible. (For these purposes, multiple bonds between two atoms are considered to be part of a single “region of electron density”). The geometry “SHAPE” around a given atom is determined solely by the lone pairs and bonds around it. The electrons on other atoms DO NOT affect the geometry.  
Based on Hybridization Theory, the regions of electron density give a theoretical "electron cloud geometry" or “ARRANGEMENT”. The electron cloud geometry in turn determines the geometry in space of the bonded atoms called the "molecular geometry”. Note that the electron cloud geometry “ARRANGEMENT” is only theoretical, whereas the molecular geometry “SHAPE” and the associated bond angles are experimentally verifiable. 



Knowledge and skills:

• Students should know the molecular geometry of different molecules and the resultant polarity.

• Students should be able to build basic small molecules with model kit pieces.



· Essential Question: How can Lewis Structures be used to predict molecular geometry?


Purpose: 

· Investigate chemical bonding by modeling the Lewis structures of molecules.

· Investigate the effect of the spatial distributions of the valence shell electrons (both those involved in bonding and those which are not involved in bonding (non-bonding electrons)) on the geometric structure of molecules and ions.



Procedure:

1. Students need to draw the correct Lewis dot structures, giving angles, lone pairs and polarity of the molecules. See attached worksheet.

2. Students will assemble these molecules using the following designation:

Orange =  carbon 



Purple = Phosphorous
White 
 =  hydrogen



Single Bond = one half of toothpick
Red 
 =  oxygen



Double/Triple Bonds = 2-3 half toothpick
Yellow
 =  nitrogen



Lone Pair of electrons = heart topped toothpick
Green 
 =  halogens




3. Instructor checks that all molecules are put together correctly with the gumdrops and toothpicks.



Data/Conclusions:

· Turn in data sheet with the following:


· Lewis dot structures

· Shape

· Arrangement
· Polarity of molecule
· Conclusion Questions
Name 









Data/Results:

	Molecule
	Lewis Structure
	Shape
	Arrangement 
	Polar/Nonpolar

	CH4

Methane
	
	
	
	

	O2

Oxygen
	
	
	
	

	N2

Nitrogen
	
	
	
	

	H2O

Water
	
	
	
	

	NH3

Ammonia
	
	
	
	

	CO2

Carbon Dioxide
	
	
	
	

	CH3OH

Methanol
	
	
	
	

	PCl3
Phosphorous Trichloride
	
	
	
	


Conclusion:

1. What determines the structure and physical properties of matter?

2. What are the two classifications of elements?

3. What are the three main types of bonds?

4. How do ionic bonds form?

5. How do covalent bonds form?

6. What are polyatomic ions? Give 3 examples.
7. What determines molecular geometry on one given atom?

8. What is the Octet Rule?

9. Explain the VSEPR theory and how it is used to determine the shape of molecules. 
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