Chapter 10                              Chemical Bonding                                2

Chemical Bond: An atom has ability to combine with other atoms to form compounds. This process is called chemical bonding. 

Ionic Bond : This is the strong attractive force between a positive ion and negative ion in an ionic compound.  Na+ Cl -. These compounds are solids with high melting point. They dissolve in water and conduct electricity in solution. 

Binary Ionic compounds : Binary ionic compounds contain only two elements with ionic bond, like NaCl,  Mg F2,  CaO, K2 O. Binary means that only two elements are present. An ionic compound consist of equal numbers of positive and negative charges.

Rules for writing formulas for ionic compounds : 

1) first write the formula for cation, second the formula for anion. (NaCl)

2) Numbers of valence shell electrons for each atom(main groups) determines cation and anion ratio. 

Example : What is formula for a compound contain Ca and Cl ? 

We know the formula is CaxCly , we have to figure out what is ratio?

Ca has two electron in valence shell, this means Ca can make two ionic bonds. Cl has 7 electron in valence shell, this means Cl can make just one ionic bond to reach to complete valence shell. Numbers of bonds for each atom : 

Ca : 2

Cl : 1

X = 1   Y = 2  CaCl2
Naming Binary Ionic compounds : Cation name + (Anion name root + ide )

 Li F : Lithium floride

 Ca Cl2 : Calcium chloride

 K2O : Potassium oxide

Tin and lead and transition metals can form ion with  different charges, for naming this compound just write the charge for metal : CuCl2    copper (II) chloride

CuCl   copper ( I ) chloride

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)

How to predict the shape of molecules (VSEPR):

1) Draw dot structure for molecule

2) Count all valence-shell electron pairs around the central atom, if there is double or   triple bond count just one pair electron not two or three :

   2 electron pairs = Linear                            3 electron pairs= Trigonal planar   

   4 electron pairs=Tetrahedral                       5 electron pairs= Trigonal bipyramidal     

   6 electron pairs= Octahedral   

3) If there is lone pair around central atom, it needs more space, that means lone pairs put pressure on other bonds and make them closer than normal.

1) Linear molecules : If there are two  electron pairs around central atom, the best angle for structure is 180o. 
Example : BeCl2      





 We have two electron pairs around central atom and maximum distance for them is 180o. The name for this structure is linear.

2) Trigonal planar : If there are 3  electron pairs around central atom , the best angle is 120o. This angle provides the maximum distance for electron pairs.

Example : BCl3             [image: image3.png]N
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3) Tetrahedral : If there are 4  electron pairs around central atom, the best angle is 1090. This structure is called tetrahedral.                           Example : CH4                                        [image: image1.png]


                       
             

Trigonal bipyramidal : If there are 5 pair electrons around central atom like PCl5 , the most stable shape is trigonal bipyrimid.
4) Structures with lone pairs : If one or two of  valence shell electron pairs are lone pairs, the real angles would be smaller than normal.

Example 1 : H2O     (two lone pairs)     
             

H2O has 4 valence shell electron pairs, but two of them are lone pairs. These lone pairs need more space, they put pressure on other bonds and make them closer. The angle in H2O is105o instead of 109o for tetrahedral. 

Example 2: NH3      [image: image2.png]= o
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NH3 has 4 valence shell electron pairs, but one of them is lone pair. This lone pair occupies more space than bonding pairs.The result is smaller angles for bonds. Angles are 107o instead of 109o for tetrahedral. 
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