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CHEMICAL BONDS: Powerful electrostatic attractions that link atoms together

Why do atoms bond? Like all matter, atoms and molecules go to low-energy, stable states. Most unbonded atoms have high-energy, low stability electron configurations

OCTET RULE: Atoms have the tendency to react with other atoms until they have 8 valence electrons (outer-level electrons). Except for H, He, Li, Be, B

O   gain 2          N   gain 3          Na   lose 1

Bonding processes rearrange the smallest # of electrons possible

Combination



Electronegativities
 
Electron Action
Type of Bond
Metal/nonmetal (NaCl)


low / high


transfer


ionic

Nonmetal/nonmetal (H20)

high / high


tight sharing

covalent

Metal/metal (brass-CuZn)

low / low


loose sharing

metallic

Predict the type of bonds: O, N;    ________         Na, F;  ________    
Cu, Zn; ________

IONIC BONDS: electrostatic attractions between oppositely charged ions in a solid. They are electrically neutral 

ATOMS:   Na    &   Cl       



ions:    Na 1+   &    [  Cl  ] 1-     

FINAL COMPOUND:   Na1+[ Cl ]1-   (Note:  all electrons are the same)

CRYSTALS: Solids with particles in orderly patterns

FORMULA UNITS: the simplest whole number ratio showing the relative number of atoms in a compound. It applies “only” to ionicly bonded compounds

Each ion in a crystal structure interacts with all its neighbors. The term “molecule” is NOT used for ionic compounds

The type of bond affects its physical properties

IONIC BONDS: 
1. have a very high m. p.  (800 °C)   &   b. p.




2. are soluble in polar solvents (like water)




3. conduct electricity when molten or dissolved, but not as a solid




4. tend to cleave or split along straight lines

COVALENT BONDS: bonds consisting of shared electrons

Cl    +   Cl                    =         Cl      Cl         or         Cl-Cl

H     +    H     +     O     =           H    O          or         H-O




                 H                          H

DOUBLE COVALENT BONDS : form when atoms share 2 pairs of electrons; bond lengths are shorter & stronger

S   +   O    =     S     O 

  or
  S    =   O       
or 
S   =   O

TRIPLE COVALENT BONDS: form when atoms share 3 pairs of electrons; bond lengths shortest & strongest

N   +   N    =     N      N 

 or
  N   ≡   N
or
N   ≡   N

Do
 CCl4  

 &
 CF2O

COORDINATE COVALENT BONDS: Both of the shared electrons come from the same atom

Do
 HClO  
hypochlorous acid
POLYATOMIC IONS: multi-atom ions (charged) (covalently bonded). Polyatomic ions bond with other ions to form ionic compounds. These ionic compounds have an overall charge of zero like in all compounds

ELECTRON SEA THEORY: an extended array of positive ions surrounded by unattached electrons. That unattached electrons are free to move, explain metal’s electrical & thermal conductivity, ductility & malleability. That the unattached electrons can jump into several nonspecific upper energy levels group to make the metallic luster of metals. 

VALENCE BOND THEORY: covalent bonds are formed when orbitals of different atoms overlap. Show single, double, and triple bonds as overlapping orbitals

HYBRIDIZATION: process of forming new kinds of orbitals with equal energies from a combination of other orbitals (the s and p orbitals form 4 new equal orbitals)

VALENCE SHELL ELECTRON PAIR REPULSION THEORY (VSEPR) : assumes that region of electron concentration in molecules are arranged so that they are separated by the maximum distance possible
ELECTRON CONCENTRATIONS: the electron dot structure can determine them; they are of 4 types:


unbonded pair

or 
single bond - 

or          double bond =      or         triple bond ≡
SHAPE: Know the shape of simple covalent compounds on page 114,  Table 5-17. Be able to determine the shape of a molecule from its formula



shape

     
           examples

      hybrid orbitals

1:1

linear



H2



s (not hybrid)

2:1 

linear



CO



sp

2:2 

linear



CO2



sp

3:1 

linear



O2



sp2  

3:2 

bent 120°


S2O



sp2
3:3 

trigonal planar


CH2O



sp2
4:1 

linear



HF 



sp3
4:2 

bent 109.5°


H2O 



sp3
4:3 

pyramidal


NH3



sp3
4:4 

tetrahedral


CH3



sp3
Bonus:

5:1 & 5:2 
linear 



XeF2   



dsp3
5:3 

tee shaped 


BrF3   



dsp3
5:4 

seesaw



SF4



dsp3
5:5 

trigonal bipyramidal

PCl5, PF5   


dsp3
6:3 

tee shaped 






d2sp3
6:4 

square planar


XeF4    



d2sp3
6:5 

square based pyramidal

XeF5



d2sp3
6:6 

octahedral


SF6    



d2sp3
POLAR: objects with 2 electrical ends or poles

POLAR COVALENT BOND: bond with shared but shifted electrons. Form whenever different electronegativities share electrons. (Generally, when there are 2 different types of atoms)

Hint: molecules are always polar except when


a. tetrahedral and outer 4 atoms are the same (4-4)


b. trigonal planar and outer 3 atoms are the same (3-3)


c. linear and outer 2 atoms are the same (2-2)

DIPOLE MOMENT: measure of polarity used to rate the polarity of molecules and bonds (()

F-F   (  = 0  

Cl-F    (  =  0.88   

H-F   (  = 1.82
    

K+F-   (  = 8.60

THREE INTERMOLECULAR FORCES (IMF): electrostatic attractions between molecules

a. LONDON DISPERSION FORCES (LDF): 
between all molecules


has LDF only


b. DIPOLE-DIPOLE (DD): 


if molecule is polar


has LDF & DD


c. HYDROGEN BONDS (HB): 


when H is bonded to N, O, & F

has LDF, DD, & HB

7 STEPS: 1. draw electron-dot molecule;       2.  # of electron concentrations;       3. # bonded atoms;      4. shape;

5. # of polar bonds;       6. is molecule polar;       7. what IMF

HIGHEST TO LOWEST MELTING POINT: ionic;  covalent LDF,DD, HB; covalent LDF, DD; covalent LDF only

