Covalent Bonding Notes:
Consider the electronic arrangement of a carbon atom
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*Carbon has 4 valence electrons



*The carbon atom “strives” for an octet.



*This can be achieved through covalent bonding 



with other atoms.

Covalent Bonding

-Generally between nonmetals

-Electrons are shared to achieve a stable octet.

-Usually takes place between valence electrons (outermost s and p sublevel electrons)

-Lewis Dot Structures - Provide a method of visualizing the valence electrons for an atom.

Writing Lewis Dot Structures for isolated atoms

Electron Placement Order
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Example:

Draw a LDS for carbon.


Draw the LDS for the following atoms:
Be, Ga, N, O, I

Writing Lewis Structures for Molecules
1.  Determine the most likely arrangement of atoms.


a. Least EN atom is usually in the center.


b. Molecules are often symmetrical.


c. Hydrogen is never a central atom and can only have a “duet”.

2.  Determine the total number of valence electrons the molecule possesses.

3.  Fill in the "octets" of the outer atoms (Place electrons in pairs around the outer atoms)
4.  Check for an octet on the central atom.


a.  If the central atom has an octet and there are no leftover electrons, then you are done.

b. If the central atom doesn't contain an octet, consider a double or triple bond (two or three pairs of electrons shared between atoms)


c.  If there are electrons left over, place them as lone pairs on the central atom.

Notes:

-Sometimes a line is used between atoms to represent a pair of electrons.

-The Lewis Dot Structure doesn't tell you anything about the geometry of the molecule.

Example:  Determine the lewis dot structure for carbon tetrachloride, CCl4.

Answer:  CCl4 has 32 valence electrons.  Using the method outlined above the structure is

Follow-up questions:
Draw LDS for water (H2O), ammonia (NH3), and oxygen (O2)

NOTE:  The Lewis dot structure in and of itself does not tell you the specific geometry of the molecule.

Formal Charge - Used to determine the most plausible structure for a molecule when more than one arrangement is possible.

1.  Ideally you want formal charges to be 0 or very close to zero

2.  If there must be a charge you want the more electronegative atom to have the negative charge.

3.  The formal charge should be determined for each atom in the compound.

Determining formal charge.

Normal number of valence electrons - nonbonding electrons - 1/2 bonding electrons

Exceptions to the octet rule:

*  Central atoms with less than an octet

Common:

Be
2 pairs





B
3 pairs


Free radicals: Molecules with "odd numbers" of electrons (e.g. NO2)

* Central atoms with more than an octet (expanded valence)

(Potentially) atoms with valence electrons in the 3rd energy level or higher (e.g. SF6)


Resonance Structures and Bond Order:

As you have seen from drawing LDS for different species, sometimes multiple bonds are required to fulfill the octet of the bonding atoms.  A maximum of three bonds can occur between any two atoms and no more.  When identical multiple bonding conditions can occur between two atoms (i.e. if say nitrogen can create a multiple bond between more than one possible oxygen atom in a symmetrical arrangement), the molecule is said to be in resonance.  In reality, the secondary bond is shared between each of the bond pairs.  The bond order gives the amount of bonding that occurs between two atoms.  For instance, in the NO3- polyatomic ion, three different equivalent structures are possible:










(Nonbonding electrons omitted)

Therefore the bond order between the nitrogen and each oxygen is 1 1/3.  The double bond is shared equally between the different atoms.

Bond Character and Polarity:
When the electronegativities between two bonding atoms are different, there is an unequal pull on the electrons shared between them.  The more EN atom will always draw the electrons closer to it.  If the difference in EN is great enough, the bond becomes essentially ionic.  If there is no difference in EN the bond is considered nonpolar covalent.  Between these two extremes, the bond is polar covalent.  The polar nature of molecules is very important as it has a profound effect on such things as melting point, boiling point and vapor pressure.

In general:

(EN = 0
Nonpolar covalent bond

0<(EN<1.7
Polar covalent
(EN(1.7
Ionic

Whether or not the entire molecule is polar depends upon its geometry, which will be considered in another section.

Molecular Geometry

This section focuses on the three-dimensional geometry of molecules and the factors that contribute to that geometry.

Determining molecular geometry is based on the Valence Shell Electron Pair Repulsion theory (VSEPR) which states that pairs of electrons around an atom will want to get geometrically as far away from one another as possible to minimize the repulsion between them.

The number of electron pairs in addition to the actual number of bonding atoms surrounding an atom will ultimately determine the overall shape of the molecule.  Each molecular shape also has special name associated with it and will have particular angles between the bonds.

	For an atom with a Lewis Dot Structure of:
	The electron geometry will be:
	The bond angle(s) will be:
	Shape

	

	Linear
	180o
	

	

	Trigonal Planar
	120o
	

	

	Tetrahedral
	109.5o
	

	

	Trigonal Bipyramidal
	120o, 90o
	

	

	Octahedral
	90o
	


Examples:

Determine the electron geometry of the central atom.

a.  CH4

b.  SF6

c.  XeCl4
d.  BeCl2
e.  BF3

f.  BeFCl
Polarity Revisited:

Whether or not a molecule is polar or not depends upon several factors.  Some common clues that a molecule might be polar are:


a.  Polar bonds ((EN > 0)


b.  Nonbonding electron pairs on the central atom.


c.  Different types of elements bonded to the central atom.

b and c can affect the symmetry of the molecule
A particular molecule may have polar bonds, but because of the symmetry of the molecule, these effects can potentially cancel out.

Examples:

Predict whether or not the molecules in the previous example will be polar or nonpolar.

Hybridization:

When you consider the geometry of a molecule like methane, CH4, the question arises; Since carbon's valence electrons consist of two electrons in its 2s orbital and 2 electrons in its 2p orbitals, how is carbon able to make four identical types of bonds (tetrahedral shape) with a spherical s and dumbbell shaped p orbitals?

The answer lies in the concept of hybridization.  It is the idea that an atom can combine orbitals together to produce new identical orbitals that are "hybrids" of the original ones.  Analysis of compounds show that not all molecules that you would expect to hybridize do, but most will.  Analysis of the geometry of the molecule determines the state of the hybridization.

For instance, a spherically shaped s orbital can combine with a p orbital to change into two new orbtials known as sp hybrids.


The number of new orbitals produced depends upon the number of original orbitals that combined.  There are 5 different types of hybridizations that can take place.

	Number and type of orbitals taking part in hybridization
	Quantity of new hybridized orbitals
	Hybridization
(Electronic geometry)

	One s;  One p
	2
	sp  (linear)

	One s;  Two p's
	3
	sp2 (trigonal planar)

	One s;  Three p's
	4
	sp3  (tetrahedral)

	One s;  Three p's;  One d
	5
	sp3d  (trigonal bipyramidal)

	One s;  Three p's;  Two d's
	6
	sp3d2 (octahedral)


In a hybridized molecule, single bonds, lone pairs, and the first bond in a multiple bond always form from a hybridized orbital.  Bonds formed from hybridized orbitals are known as sigma bonds (().  The second or third bond in a multiple bond is formed from overlapping unhybridized p orbitals and are designated as pi bonds (().  Only the first bond in a multiple bond should be considered when determining hybridization.

Example:  Carbon dioxide:

Lewis Dot Equivalent: 

Hybridized Geometry Summary Chart
	Major Class
	Hybridization 
	Sub-Class 
	Bonding Electron Pairs 
	Nonbonding Electron Pairs 
	Bond Angle(s) (degrees)

	Linear
	sp
	----------
	2
	0
	180

	Trigonal Planar
	sp2
	----------
	3
	0
	120

	
	
	Bent
	2
	1
	<120

	Tetrahedral
	sp3
	----------
	4
	0
	109.5

	
	
	Trigonal Pyramidal
	3
	1
	<109.5

	
	
	Bent
	2
	2
	<109.5

	Trigonal Bipyramidal
	sp3d
	----------
	5
	0
	120, 90

	
	
	Distorted Tetrahedron or Seesaw
	4
	1 (at equatorial site)
	<120, <90

	
	
	T-shaped
	3
	2 (at equatorial site
	<90

	
	
	Linear
	2
	3 (at equatorial site)
	180

	Octahedral
	sp3d2
	----------
	6
	0
	90

	
	
	Square Pyramidal
	5
	1 (at axial site)
	<90

	
	
	Square Planar
	4
	2 (at axial sites)
	90


Remember:  The major class is determined solely by the number of sigma bonds on the atom under consideration. Pi bonds (unhybridized p orbitals) are not considered.

On Your Own:

Determine the hybridization and types of bonds for the following (note that hydrogen is unhybridized):

Determine the geometry of the underlined element.

a) N2
b)  CO

c)  C2H2
d)  C2H4
e)  SF6
f)  PCl5
	
	For an atom with a Lewis Dot Structure of:
	The electronic geometry will be:
	The bond angle(s) will be:
	Shape

	Less than an octet
	

	Linear
	180o
(AX2)
	

	
	

	Trigonal Planar
	120o
(AX3)
	

	Octet
	
	Tetrahedral
	109.5o
(AX4)
	

	Greater than an octet
	
	Trigonal Bipyramidal
	120o, 90o
(AX5)
	

	
	
	Octahedral
	90o
(AX6)
	


Examples:  Predict the geometry of the following molecules

a. NH4+
b. SF6

c. CH4

d. AsCl5
e. BI3
When determining the geometry of a molecule, treat multiple bonds as though they were single bonds.
Examples:  Predict the geometry of the following molecules

a. CO32-
b. SO42-
c. CO2
Electronic geometries refer to the arrangement of electron pairs around the central atom and will always be a major class.  The molecular geometries refer to the actual physical appearance of a molecule and may be a major class (no nonbonding pairs on the central atom) or a subclass (one ore more nonbonding pairs on the central atom)

Subclass Geometries:  Those in which there are one or more nonbonding pairs of electrons on the central atom.

Subclasses of Trigonal Planar electronic geometries

	Lewis Structure
	Molecular Geometry
	Bond Angle(s)

	
	Bent
	<120o
(AX2E)


Subclasses of Tetrahedral electronic geometries

	Lewis Structure
	Molecular Geometry
	Bond Angle(s)

	
	Trigonal pyramidal
	<109.5o
(AX3E)

	

	Bent
	<109.5o
(AX2E2)


Subclasses of Trigonal bipyramidal electronic geometries

NOTE: Nonbonding electron pairs MUST be on the equatorial region of the molecule.

	Lewis Structure
	Molecular Geometry
	Bond Angle(s)

	

	See Saw

(Distorted tetrahedron)
	<120o, <90o
(AX4E)

	

	T-shaped
	<90o
 (AX3E2)

	

	Linear
	180o
(AX2E3)


Subclasses of Octahedral electronic geometries

NOTE:  Remove electrons from the axial regions BEFORE the equatorial regions.

	Lewis Structure
	Molecular Geometry
	Bond Angle(s)

	
	Square Pyramidal
	<90o,<180o
(AX5E)

	
	Square Planar
	<90o
 (AX4E2)

	
	T-Shaped
	<90o
(AX3E3)

	
	Linear
	180o
(AX2E4)


Practice Problems:

Determine the electronic and molecular geometries of the following molecules:

a. CH3-
b. SF2
c. I3‑
d. NO3-
e. XeF4
f. BrF5
g. H2O

h. H3O+
i. OPF (Phosphenous fluoride)

Answers:

a. Tetrahedral; Trigonal pyramidal

b. Tetrahedral; Bent

c. Trigonal bipyramidal; Linear

d. Trigonal planar; Trigonal planar

e. Octahedral; Square planar

f. Octahedral; Square pyramidal

g. Tetrahedral; Bent

h. Tetrahedral; Trigonal pyramidal

i. Trigonal planar; Bent
X
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Carbon has two sp hybridized orbitals and two unhybridized p orbitals
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