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Covalent Bond : This is a chemical bond formed by the sharing of electrons between two atoms. 

· Single covalent bond: two atoms share one pair electron:    H-H

· Double covalent bond: Two atoms share 2 pair electrons:   O = O

· Triple covalent bond: Two atoms share 3 pairs electrons:  N ( N

· Bonding pair: Electrons between two atoms

· Lone pair : The pairs of electron localized on an atom ( unshared electrons)

· Bond energy: The energy required to break the bond.

· Bond length : The distance between two nucleus in a bond.

Electronegativity : A measure of the ability of an atom in a covalent bond to attract bonding electrons.

Polar covalent bond : A covalent bond  between two  atoms with different electronegativity: ( H-Cl )   
Nonpolar covalent bond : A covalent bond between same atoms:  H- H (same ectronegativity)

Lewis structure: All atoms have tendency to have 8 electrons in their valence shell (Octet rule )

Before writing lewis structure we have to know how many covalent bond each atom can make:

· Group 7: 1 covalent bond (single), because they need just one more electron to be octet.

· Group 6: 2 covalent bond =  2 single or one double

· Group 5: 3 covalent bond = 3 single or one double and one single or one triple bond

· Group 4 : 4 covalent bond = 4 single or two double or one single and one triple 

· Draw a structure in oreder to make all atoms octet . structure  may have lone pair electrons.

· If the number of covalent bonds are not same with what we excpect, calculate the charge for each atom=  # of valence electrons – # of electrons belonged to that atom in molecule

Binary Molecular compounds : 

 A binary molecular compound is a molecule contains two elements with covalent bond, like NH3 , H2O , Cl2…

Rules for writing formulas for molecular compounds :

1) First write the formula for the atom with less electronegativity, second the other name.

2) The numbers of valence shell electrons determines the ratio ( main groups ).

Example : What is the formula for a compound contain H and N?

We know the formula is NxHy, we need to figure out the ratio.

H has 1 electron in valence shell, this means H makes just one covalent bond, N has 5 electrons in valence shell, this means N makes 3 covalent bond, because it needs 3 more electrons to reach complete valence shell.

numbers of covalent bond for N and H :

N: 3

H : 1          x = 1    Y = 3      NH3
Naming Binary molecular compounds : 

name of atom with less electronegativity + the number of second atom + root name of that + ide               Use Mono for 1, Di for 2, Tri for 3, Tetra for 4, Penta for 5,…

H2O :  hydrogen oxide                   SO2   sulfur dioxide

HCl :   hydrogen chloride               PCl5   phosphorus pantachloride

Exceptions to the Octet Rule:

Boron (B) tends to form compounds ( BCl3,  BF3) which the B atom has fewer than 8 electrons around it. 

Sulfur ( S) and Phosphorous ( P ) have some compounds which central atom has more than 8 electrons.( SF6, PCl5)

Bond Energy and Enthalpy:

Each reaction involve breaking old bonds and forming new bonds. The enthalpy for reaction is equal the difference between these two energy:

(H = (D( bonds broken) - ( D( bonds formed)

Bond Polarity and dipole moment:

When there is a covalent bond between two atoms with different electronegativity, we have a polar covalent bond. Some times there are polar covalent bonds in a molecule, but molecule doesn’t have dipole moment, because bond polarities cancel each other.

Example: C - Cl is a polar covalent bond, CCl 4 is not a polar molecule. 

Partial Ionic Character of Covalent bond:

In polar covalent bond, we can calculate the partial ionic character by this formula:

                                                          Measured dipole moment of X -Y

Percent ionic character of a bond = 

                                                          Calculated dipole moment of X-Y    

Molecular Orbital Theory ( MO ):

Atomic orbitals combine to make molecular orbitals. Atomic Orbitals belong to atoms, molecular orbitals belong to molecules. Atomic orbitals explain the behavior of atoms,  Molecular Orbitals explain the behavior of molecules.

Key points in MO theory:

· Atomic Orbitals (AOs) combine to form Molecular Orbitals (MOs).

· The number of Atomic Orbitals  are equal to Molecular Orbitals.

· Molecular Orbitals with lower energy than Atomic Orbitals are called Bonding Molecular Orbitals ( ( or ( bond).

· Molecular Orbitals with higher energy than Atomic Orbitals are called anti bonding Molecular Orbitals ( (* or (*).

· The rule for distributing electrons in molecular orbitals is same with distributing electrons in atomic orbitals.

· Lower-energy orbitals fill before higher energy-orbitals.

· An orbital can hold only two electrons , which must have opposite spins (Pauli rule).

· If two or more degenerate orbitals are available, one electron goes into each until all are half-full(Hund’s rule).

How we determine Bond Order and Paramagnetism or Diamagnetism in a molecule using Molecular orbital theory:

Bond order:                                 # of bonding electrons- # of antibonding electrons

                             Bond order =

                                                                                       2

 Paramagnetism and Diamagnetism: Substances with unpaired electrons are attracted by magnetic fields , they are paramagnetic. Substances without unpaired electrons are called diamagnetic.

