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Announcements 
March 10th class will be moved

Need a note taker
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Recap
• MO theory for a homo-dimeric molecule  
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MOT-Heteronuclear Diatomics
Differences from Homonuclear case:
• for ψbond(1) = ψA + ψB, ψA does not = ψB 

• Electrons will be drawn to the more electronegative element .  
Thus bonding orbitals will have more of that element character 
and antibonding orbitals will have more AO character from the 
more electropositive element.  

• As a result of having more A character,
The molecular orbital will be closer in 
Energy to the AO of A.  
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Consider CO

...



6

Consider HCl
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MOT-predicting bond order, bond length and bond strength

Consider O2, O2
-, O2

2-, O2
+

Bond Order b= ½(bond – anti)

νo-o = 1555 cm-1

1108 cm-1 (K[O2
-])

760 cm-1 (Na2[O2
2-])

1858 cm-1 ([O2
+]AsF6
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MOT of polyatomic molecules
General rules: 
1.  Molecular orbitals are formed from linear 
combinations of atomic orbitals with the same symmetry

2.  The greater the number of nodes in a molecular 
orbital, the more antibonding and higher in energy it is.

3. Interactions between atoms that are not nearest 
neighbors are weak (bonding or anti-bonding).

4. Orbitals constructed from lower energy AOs lie lower 
in energy.
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BeH2

...



10

BeH2

...



11

Diborane
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Please look in your book about NH3, Hypervalence
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Acids and Bases
Bronsted Acids are proton donors. (HCl, HOOCCH3)
Bronsted Bases are proton acceptors (OH-, R-COO-, NH3 NH4

+)

HA(sol) + HSol(l) A-(sol) + H2Sol+(sol)

B(sol) + HSol(l) HB+(sol) + Sol-(sol)
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Major Classes of Bronsted Acid  

...



15

Lewis Acids and Bases
Lewis acids are electron pair acceptors (electron deficient; BH3)
Lewis bases are electron pair donors. 
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Group 13
B(CH3)3 +    :NH3 CH3B:NH3

Trend for acidity of BX3 is: X = F < Cl < Br
BF3 has better B-F π-bonding

AlCl3 is a dimer.
AlCl3 is used as a Lewis acid catalyst 

(e.g., Freidel-Crafts alkylation)
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Group 14
Elements that can expand their octet are good Lewis 
acids. (e.g., group 14)
• SiF4 +  2F- SiF6

2-

• Sn(II) is both a Lewis acid and a Lewis base 
SnCl2 +  Cl- SnCl3-

Sn(IV) is a good Lewis acid

SnCl4 +  2 Cl- SnCl62-

Acidity of SnXor SiX4: F > Cl > Br > I
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Group 15 & 16
Group 15 Lewis acids include “super acids” which use 
the Lewis acidity of SbF5 to form SbF6

- and a “solvated 
proton” that is acidic enough to protonate hydrocarbons.

SbF5 +  2HF  SbF6
- +  H2F+

SbF5 +  2HSO3F  SbF5SO3F- +  H2SO3F+

Sulfur oxides can be Lewis acids or bases:
SO2 +  NR3 O2S-NR3

Can coordinate to metals via S or O
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Lewis Acids and Bases
A + :B  A-B
A Lewis acid has a low-lying LUMO;
A Lewis base has a high-lying HOMO
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HSABT
Hard acids tend to bind best to hard bases and vice versa.

Hard-hard interactions max. ionic character; soft-soft max. 
covalency.
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HSABT
E and C parameters predict bond enthalpies.

-ΔH0(A-B) = EAEB + CACB

Strong bonds can be highly ionic, highly 
covalent, or have contributions from both.
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