
Section	
  8.6:	
  	
  
Lewis	
  Structures	
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The	
  3	
  types	
  of	
  bonds	
  
•  Covalent:	
  electrons	
  are	
  shared	
  between	
  two	
  atoms	
  
•  Metallic:	
  electrons	
  flow	
  through	
  a	
  lattice	
  of	
  atoms	
  
•  Ionic:	
  electrostatic	
  attractions	
  between	
  ions	
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Models	
  of	
  Molecular	
  Bonding	
  

1.  Lewis	
  Dot	
  Structures	
  
2.  VSEPR	
  
3.  Hybridization	
  
4.  Molecular	
  Orbital	
  Theory	
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Valence	
  Electrons	
  
1A 

2A 3A 4A 5A 6A 7A 

8A 
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Lewis	
  Structures	
  –	
  A	
  review	
  

•  Electrons	
  are	
  distributed	
  as	
  shared	
  or	
  BOND	
  PAIRS	
  
and	
  unshared	
  or	
  LONE	
  PAIRS	
  
–  line	
  =	
  bond	
  
–  electron	
  =	
  •	
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Drawing	
  Lewis	
  Structures	
  

The	
  Octet	
  Rule:	
  
•  bonds	
  form	
  when	
  atoms	
  have	
  a	
  full	
  «	
  octet	
  »,	
  i.e.	
  8	
  

valence	
  electronsa	
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Exceptions	
  to	
  the	
  Octet	
  Rule	
  

•  rules	
  works	
  best	
  with	
  1st	
  row	
  elements	
  

•  3	
  types	
  of	
  exceptions:	
  
–  les	
  than	
  8	
  valence	
  electrons	
  (incomplete	
  octet)	
  

– odd	
  number	
  of	
  valence	
  electrons	
  

– more	
  than	
  8	
  valence	
  electrons	
  (expanded	
  octet)	
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Drawing	
  Lewis	
  Structures	
  

1.  Count	
  the	
  total	
  number	
  of	
  valence	
  electrons	
  
–  add	
  one	
  e–	
  for	
  each	
  negative	
  charge	
  
–  subtract	
  one	
  e–	
  	
  for	
  each	
  positive	
  charge	
  

2.  Draw	
  the	
  molecule	
  using	
  single	
  bonds	
  
3.  Count	
  e–	
  ’s	
  used	
  in	
  each	
  bond	
  	
  subtract	
  from	
  total	
  
4.  Add	
  leftover	
  e–	
  ’s	
  to	
  the	
  structure	
  

–  most	
  e/n	
  atoms	
  first,	
  stop	
  when	
  octets	
  are	
  full	
  

5.  Make	
  double	
  and	
  triple	
  bonds	
  to	
  complete	
  octets	
  
–  minimize	
  formal	
  charges	
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Examples	
  :	
  Drawing	
  Lewis	
  Structures	
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1.  NH3	
  

2.  XeF4	
  

3.  CO2	
  



Formal	
  Charges	
  

•  different	
  than	
  δ+	
  and	
  δ-­‐,	
  these	
  are	
  caused	
  by	
  an	
  
excess	
  or	
  lack	
  of	
  electrons	
  on	
  a	
  particular	
  atom	
  

•  should	
  always	
  be	
  minimized	
  as	
  much	
  as	
  possible	
  
•  generally	
  put	
  _____	
  on	
  more	
  EN	
  atoms	
  and	
  ______	
  

on	
  less	
  EN	
  atoms	
  

N B 

H 

H 
H 

H 

H 

H 

+ - 
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How	
  to	
  calculate	
  formal	
  charges	
  

formal	
  
charge	
  

#	
  valence	
  
e–	
  in	
  the	
  
free	
  atom	
  

#	
  lone	
  pair	
  
e–	
  on	
  the	
  
atom	
  

number	
  of	
  
bonds	
  to	
  
that	
  atom	
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overall	
  
charge	
  

formal	
  
charges	
  



Examples:	
  Formal	
  Charges	
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1.  CO	
  

2.  CO3
2–	
  



Your	
  Turn…	
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What	
  is	
  the	
  formal	
  charge	
  on	
  the	
  N	
  atom	
  in	
  NH4
+?	
  

A.  +2	
  
B.  +1	
  
C.  0	
  
D.  –1	
  
E.  –2	
  



Resonance	
  Theory	
  

The	
  Lewis	
  structure	
  of	
  CO3
2–	
  	
  can	
  be	
  drawn	
  three	
  ways:	
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Resonance	
  Theory	
  

•  expt’l	
  data:	
  all	
  three	
  C–O	
  bonds	
  are	
  identical	
  

•  actual	
  structure	
  is	
  thus	
  a	
  composite	
  of	
  these	
  three	
  
possibilities	
  	
  RESONANCE	
  HYBRID	
  

•  indicate	
  resonance	
  structures	
  using	
  a	
  double-­‐headed	
  arrow	
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Resonance	
  Theory	
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Equivalent	
  vs.	
  Non-­‐equivalent	
  	
  
Resonance	
  Structures	
  

•  if	
  multiple	
  resonance	
  structures	
  are	
  of	
  the	
  same	
  
energy,	
  then	
  they	
  are	
  EQUIVALENT	
  

•  each	
  structure	
  contributes	
  equally	
  to	
  the	
  overall	
  
resonance	
  hybrid	
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Equivalent	
  vs.	
  Non-­‐equivalent	
  	
  
Resonance	
  Structures	
  

•  if	
  resonance	
  structures	
  are	
  of	
  differing	
  energy,	
  
then	
  they	
  are	
  NON-­‐EQUIVALENT	
  

•  each	
  structure	
  contributes	
  differently	
  to	
  the	
  overall	
  
resonance	
  hybrid	
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Drawing	
  Resonance	
  Structures	
  

Rule	
  1	
  :	
  only	
  move	
  electrons	
  (NEVER	
  atoms!)	
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Drawing	
  Resonance	
  Structures	
  

Rule	
  2	
  :	
  maximize	
  bonds	
  and	
  complete	
  octets!	
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Drawing	
  Resonance	
  Structures	
  

Rule	
  3	
  :	
  	
  maximize	
  bonds	
  and	
  minimize	
  formal	
  
	
   	
  	
  	
  	
  	
  	
  charges!	
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Drawing	
  Resonance	
  Structures	
  

Rule	
  4	
  :	
  	
  negative	
  formal	
  charges	
  on	
  more	
   	
   	
  
	
   	
   	
  electronegative	
  atoms	
  is	
  best!	
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Drawing	
  Resonance	
  Structures	
  

Rule	
  4	
  :	
  	
  negative	
  formal	
  charges	
  on	
  more	
   	
   	
  
	
   	
   	
  electronegative	
  atoms	
  is	
  best!	
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Your	
  Turn…	
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Of	
   the	
   following	
   resonance	
   structures,	
   which	
   is	
   the	
  
most	
  favorable?	
  

O C N O C N O C N

-1 -1 +1 -2

A B C



Section	
  8.6	
  Key	
  Concepts	
  

1.  Lewis	
  Structures	
  
2.  Formal	
  Charges	
  
3.  Resonance	
  Structures	
  
4.  Resonance	
  Hybrids	
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Section	
  8.6	
  Suggested	
  Problems	
  

8.71,	
  8.73,	
  8.75,	
  8.77,	
  8.79,	
  	
  
8.81,	
  8.85,	
  8.87,	
  8.91,	
  8.94	
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