	Covalent Bonding Notes



	Two main types of bonds:

1. Ionic Bonding

2. Covalent Bonding

How does one determine what type of bond will form?

++++++++++++++++++++++++++

What is the difference between a compound and a molecule?

What is a covalent bond?

Why do elements share electrons instead of giving and taking electrons?

How many types of covalent bonds are there?

Diatomic Molecules
What are partial charges?

An example of a polar bond:

Note:

Why do elements share electrons?

Can elements share more than one pair of electrons?

What are the two dots on either side of the nitrogen atoms?
-------------------------------------------------
Exceptions to the rules
More Exceptions to the rules!

+++++++++++++++++++++++++++

Characteristics of covalent molecules:   
	· one atom gives up an e- and another atom takes an e-

· atoms share electrons

· Bonds are usually not 100% covalent or 100% ionic – they tend to only favor one type of bond

· To determine which type of bond a compound will favor more, one must look at the difference in electronegativity:

Electronegativity Difference Range

Most Probable Type of Bond

0 – 0.3

Nonpolar covalent bond

0.4 – 1.7

Polar covalent bond

~1.7 – 3.3

Ionic Bonds

*Note: between 1.7 and 2.0 some bonds are ionic and some are covalent.  One must look at other factors beside electronegativity to determine the type of bond formed.

++++++++++++++++++++++++++++++++++++++++++++++++++++++

· Compounds are substances that contain two or more elements

· Molecules are a type of compound made by covalently bonding two or more elements together
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 co-  – share together

-valent: strength 

Covalent = together there is strength

Covalent bonds are bonds formed between two nonmetal elements that share electrons.

Elements share electrons because their electronegativities are similar. Neither atom has the “strength” to physically remove the electron from the other atom.  Both atoms want to gain electrons.

Two types of covalent bonds:

1. Nonpolar covalent bonds:  Difference in electronegativity is between 0 and 0.3.  Both atoms equally desire the electrons.

Therefore, the atoms share electrons equally.  Neither atom has a partial charge.

· Di = 2 and atomic = atoms. Atoms that are diatomic do not exist in nature alone – they must be attached to another identical atom or a different atom.  Diatomic molecules are 100% nonpolar if they are bonded to identical atoms.  The atoms that are considered diatomic are: H, O, N, Cl, Br, I, F.

· 100% Nonpolar diatomic molecules: H2, O2, N2, Cl2, Br2, I2, F2  

2.  Polar covalent bonds:  The difference in electronegativity is between 0.4 and 1.7.  One atom is more attracted to the electrons causing an unequal sharing of electrons. 

· The unequal sharing of electrons creates a partial charge on each atom.

· The atom that has the electron closer to it will have a partial negative charge called “delta negative” and is represented by the symbol 

      ( - 

· The atom that does not have the electron close to it will have a partial positive charge called “delta positive” and is represented by  the symbol ( +.
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Boron Trifluoride





The charges on these atoms are not equal to the full 1+ or 1- charges in an ionic bond.  

Elements are willing to share electrons in order to satisfy the octet rule and achieve a noble gas configuration.  

Molecular formulas, like chemical formulas, show how many atoms of each element a molecule contains. 

For example: H2O = 2H atoms and 1 O atom

Yes

Single covalent bond:  2 electrons are shared between each atom (one electron from each atom is donated to the shared pair). Represented by a single dash line (–).   H – O – H 

Double covalent bond: 4 electrons are shared between each atom (two electrons from each atom are donated to form 2 shared pairs).  Represent by two dash lines (=).  O2  ( O = O

Triple Covalent Bond: 6 electrons are shared between each atom (three electrons from each atom are donated to form 3 shared pairs).  Represented by three dash lines ((). N2 ( :N(N:

Nitrogen has 5 valence electrons.  Two electrons are in the 2s orbital and no longer have room to add more electrons.  These two electrons are called lone pair electrons or unshared pair electrons because they cannot bond or share space with other electrons. The remaining three electrons are each placed in a 2px, 2py, and 2pz orbital and still have space for another electron – this is where the additional 3 electrons will bond.                                                 N2
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           Single bond                 Double bond                     Triple bond
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   2 electrons shared          4 electrons shared          6 electrons shared
---------------------------------------------------------------------------------------------------------
Some molecules will combine but still be unable to satisfy the octet rule.

Carbon monoxide, CO, is a problem molecule. 
Carbon has 4 valence electrons and oxygen has 6 valence electrons.

Carbon needs 4 more electrons to satisfy the octet.  Oxygen only needs two more electrons.  

   (                   ((                       ((
( C (             ( O :  (   : C =  O :   
   (                    (                                    If you count the number of electrons around the oxygen atom including the four in the double bond, you find there are a total of 8 electrons.  If you count the number of electrons around the carbon atom, there are only 6 electrons.  Carbon has not satisfied the octet rule.  
Coordinate covalent bonds:  bonds formed when one atom donates its lone pair electron to the other atom in order to help satisfy the other atom’s octet rule and increase stability. 

In order to make Carbon “happy” in the above example, Oxygen will share one set of its lone pair electrons with carbon, so that carbon thinks it has satisfied its octet rule. 

   (                   ((                      ((
( C (             ( O :  (   : C = O :   (   :C ( O:
   (                    (                                                                                                      

If you count the electrons around the carbon atom now, it appears to have eight electrons (2 lone pair and 6 in the triple bond).  Oxygen also has 8 valence electrons (2 in the lone pair and 6 in the triple bond).  The molecule has met its octet requirement and is relatively stable. 

Other exceptions to the rules:

· Most molecules whose total valence electrons add up to an odd number are unable to satisfy the octet rule

· Some molecules form between atoms that have fewer valence electrons than eight (BF3)

· Some molecules form between atoms that are able to hold  more than 8 valence electrons (this often occurs with Sulfur and Phosphorus ( PCl5 and SF6)

++++++++++++++++++++++++++++++++++++++++++++++++++++++++++

· Compared to ionic compounds, covalent bonds have low melting points
· Poor conductors of electricity

· Share electrons equally and unequally
· Mostly gases and liquids at room temperature

· Form between two nonmetals or elements of similar electronegativities

· Called a molecule

	Other Facts about Covalent Molecules:
Bond length
Bond dissociation energy
Elements that form polar bonds are considered to be dipole molecules.

	  The average distance between two bonded molecules.  The shorter the distance = the stronger the bond.

The energy needed to break a covalent bond.  A bond that requires large bond dissociation energy is generally considered to be a very stable and strong bond.  A bond that requires little bond dissociation energy is an unstable weak bond. 

Bond dissociation energies between different elements have been recorded.  One can predict the amount of energy needed to break down a molecule by adding up all the bond dissociation energies in the molecule. 

Dipole ( Di = 2 and poles = opposite charges

Dipole molecules occur in atoms that have polar bonds.  One end of the molecule is partially positive and one end is partially negative.  

An arrow is used to show the direction of polarity.  The arrowhead always points towards the negative end of the molecule.
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Molecules that are dipoles can form intermolecular bonds with other dipole molecules. 
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Metal and a nonmetal
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