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Chapter 7-8: Chemical Bonding
Electron Dot Diagrams 

· a.k.a.                                                                                     .
· Element’s symbol with dots representing valence electrons.
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Examples:      S

Ba

Kr
Practice:  Draw the Electron Dot Structures.

1)       N



2)       Ca


3)       Cs

4)       O



5)       Al


6)       Ne




Octet Rule – 
· Having 8 electrons in the outer shell is the most stable!  (like noble gases)

· Exception –
Review:  Electron Configurations:


P:


Mg:


Cl:

These elements tend to become ions, based on                                                 .


Electron Configuration of ions:


P  


Mg


Cl

Chemical Bonds – 
· The type of bond depends on                                                                                    .
· Ionic Bonds
· Metallic Bonds
· Covalent Bonds
Why do atoms bond?                                                                              .

How do they bond?                                                                                 .  They share or trade e- to get 8 in their outer shell.

Ionic Bonding

Ionic Bonds –
· Electrons are                                        from a metal to a nonmetal.

Ionic Compounds - formed by the transfer of electrons from a                                        .
                                        .
· The metal                                    & becomes                                   charged (a cation)
· The nonmetal                              & becomes                                   charged (an anion)  
Ionic Bonding Examples:      Na 

+  

Cl 

( 

· Na loses an e- and achieves a stable octet in the next lower energy level.
· Cl gains an e- to achieve a stable octet in its outer energy level.

                Mg

+

O

(





Ca 

+ 

Br 

(   





Na

+ 

S

(



Practice – Show the transfer of electrons:


1.   K 

+ 
F 
(


2.   Mg 
          + 
I 
(


3.   Be 

+ 
S 
(


4.   Na 

+ 
O 
(


5.   Al 

+ 
Br 
(
Chemical Formula –
Formula Units –
· Ionic compounds                                                                         !
· There are no discrete units in ionic compounds!
      Example: NaCl   Crystal Structure
· Crystal - 
Examples
NaCl (1:1), MgCl2 (1:2), AlBr3 (1:3)


CaF2  



Ca2F4  


      Ca3F6  
   

       .
Ionic Compounds are                                                                     !
The sum of the charges in an ionic compound                                                                  .
· Add subscripts to elements so that total charge is zero.

Examples:    Na  S

   Mg  Br               Sr   O               Ga   N
Practice

1. Ca  N

2. K  S
3. Al  P

4. Ge  O
Properties of Ionic Compounds
·                                                            at room temperature

· NaCl forms crystal cubes.

·                                                             (takes a lot of energy to break network)

·                                                              .

·                                                                                                                    (electrolytes) 
· e- must be free to move.

Metallic Bonding

· Metallic bonds occur                                                                                                .

· Valence electrons of metal atoms are loosely held by the                                       .
                                                 .
· Valence e- are released into a                                     shared by all of the metal atoms.
Metallic Bond –
·                                                               .
· Metallic Bonding explains why metals are:

1)                                       (can be pounded into thin sheets)

2)                                       (can be drawn into wires)

3)                                                                                                       .
Review!  What are the two ways that metals can bond?
1) Metals can form                                              with nonmetals by losing their valence e- and becoming a cation.

2) Metals can form                                               with other metals.  

Covalent (Molecular) Bonding 

· Covalent Bond:                                                                                                             .
· Generally occurs                                                                        .
·                                           always forms covalent bonds!
· Covalent Compound or Molecular Compound:  compound whose atoms are held together by                                                .
· Molecule:                                                                                                     .

· It exists as a                                                                                             .

· Diatomic Molecule:                                                                                   .
· 7 elements found naturally as diatomic molecules:
· Molecular Formula:  
· Does not give information about structure.

· Does not have to be                                                       !

· Ex. CO2    C6H12O6      H2O
· Single Covalent Bonds (sharing one pair of e-)

*  1 line = 2 bonded e-

H 

 Cl 

( 



Cl

Cl

(



H 

Se 
  
 H 

( 




N
 +       3 H

(



Unshared Pair / Lone Pair / Nonbonding Pair –
Double and Triple Covalent Bonds (sharing >1 pair of e-)

O 

O

(




O

C 
 
O 

( 



N

N

(



H2     +   C  
+     Br2
(


Sharing 1 pair e- ( 

Sharing 2 pair e- ( 
Sharing 3 pair e- ( 
Bond length –                                                          !

Bond strength –                                                       !

Exceptions to the Octet Rule
*                                              – only needs 6 e-       ex. BF3

*                                              – only needs 4 e-
 ex. BeF2

*                                               – only need 2 e-         ex. H2   (Helium is stable!)
Properties of Covalent Compounds

·                                                   (in contrast to ionic compounds)

· Many are                                                at room temperature 
·                                                             .  
· Do not                                                                            .
·                                                             than ionic compounds (in general)

Place in categories:  Ionic, Metallic, or Covalent Bonding?

1. Two nonmetals

2. Transfer of electrons

3. Metal and a nonmetal

4. Two metals

5. Crystal Structure

6. Sharing of electrons
7. Conducts electricity without being melted
8. High melting point
9. Solid at room temperature
10. Sea of electrons

11. Brittle

12. Conducts electricity after being melted or dissolved

13. Strong interparticle forces

14. Forms molecules

15. Low melting point
16. Does not conduct electricity

17. Liquid or gas at room temperature

Network solids –
· A class of molecules with unique properties!
· Examples:

Shapes of Molecules

VSEPR  Theory (                                                                                                          .
·                                                            of covalent molecules.

· The repulsion between electron pairs causes molecular shapes to adjust so that the valence-electron pairs                                                                               .

· To determine the shape –                                                                                            !

2 “Things” Bonded

*                                             :  Angle between bonds =                       .     

    Ex.  CO2
3 “Things” Bonded
*                                                          :  3 bonding pairs, no lone pairs (                )

    Ex. BF3
4 “Things”Bonded – Tetrahedron Shape 

*                                                :  4 bonding pairs (                 )

    Ex. CH4
*                                                           :  3 bonding pairs, 1 lone pair (                  )

    Ex. NH3
*                                     :  2 bonding pairs, 2 lone pairs (                     )

             Ex. H2O
Angle Between Bonds

Lone pairs                                                                                                                     !

If a molecule is triatomic (AB2), what shape(s) could it be?

·                                                                                     .
·                                                                                     .

What is the difference between PH3 and BH3?
·                                                                                    !  

Polar Covalent Bonds

Polar Covalent Bonds: electrons are                                                .
· “Polar” =                                                                                                             .

· The                         electronegative atom “hogs” the shared electrons and they spend more time on that atom (                                                                              (δ-)

· The                          electronegative atom does not “get” the electrons as much (               
                                                                                          (δ+ )

Nonpolar Covalent Bonds – The electrons are                                      between two atoms.
· To be shared equally in a bond, the atoms MUST                                                       !

· Ex.  H2   O2   F2
Molecule Polarity 
·                     polarity and                               polarity are two different things!
· It is possible for a molecule to have polar bonds…but still be nonpolar overall if the molecule is                                               .

            Ex.  CO2          CH4            
· In order for a molecule to be nonpolar, it MUST meet both of these requirements:

1)                                                                                                    .

2)                                                                                                    .

         Try these:           CF4              PH3               BF3             H2O              CH3Cl             F2
Type of Bond
· There is no                                                 between ionic, polar covalent, and nonpolar covalent compounds!  

· Bonding occurs                                             :  
“How equally are the electrons shared?” 
· ΔEN =                                                                          .

TYPE OF BONDING

     Nonpolar Covalent  
     --- 

Polar Covalent
 
--- 
      Ionic 

       [Equal Sharing]

       [Unequal Sharing]

     [Complete Transfer]
 


0


              0.4




         1.7
    

     3.3
Electronegativity:                                                                                                              .

· Atoms with a large electronegativity (e.g. F = 4) attract electrons more strongly than those with a small EN (e.g. Na = 0.9).

· Electronegativity Trend:

·                                                      – Fewer energy levels means less shielding.

·                                                      – Increased nuclear (+) charge pulls e- in

· Noble gases:                               !!

Practice:  Determine ΔEN and Bonding Type
1. NaCl

2. F2
3. CH4
4. CS2
5. MgBr

6. NO2
7. KCl

Effect of Bonding Type of Melting Point and Boiling Point

·                                  : high MP, high BP
·                                              : middle MP, Middle BP 

·                                                 : low MP, low BP


*  It takes the most energy to pull apart ionic compounds because they have the strongest bonds!

Intermolecular Forces
Intermolecular Forces – 
· They are                          than ionic and covalent bonds.

· Three types:
1. Dipole forces
2. Dispersion forces

3. Hydrogen “bonds”
Van der Waals Forces

· Dipole Interactions:
·                                                                                                                        .  (similar, but weaker than ionic bonds)

· Ex. HCl

· Dispersion Forces:

·                                                                                                                         .

·                                                                                                                         .

Hydrogen Bonds

·                                        of the intermolecular forces!
· Water has special properties because of                                                       .
Summary:



Strongest














     














      



Weakest

Intermolecular Force Practice

What type of intermolecular force would each molecule have?


*  O2

*  HF


*  H2S


*  CH4

*  CH3Cl


*  CO2

*  HCN

Polyatomic Ions

“polyatomic”  (  

           “ion”   (  

Polyatomic Ion –                                                                           Ex.  SO42-  ( Sulfate













