Exp 9: Three Dimensional Structures of Molecules
There are two models for the chemical bond that predict three dimensional shapes of molecules: Valence Shell Electron Pair Repulsion (VESPR) and Valence Bond Theory (Hybridization).


VESPR: Gillespie-Nyholm 1957
1. Pairs of electrons in the valence shell of a central atom repel each other.

2. Valence electron pairs stay as far apart as possible to minimize repulsion.
a. A multiple bond is treated as a single large electron pair.
b. Lone pairs are larger than multiple bonds which are larger than single bonds.
c. Lone pairs prefer equatorial positions in trigonal bipyramids
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	Octahedral
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The sizes of the lone pair electrons play an important role in the geometry of molecules.
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Exp9: Valence Bond Theory: Linus Pauling
1. 
The number of bonds an atom can make depends on the number of spin unpaired electrons.
2. 
A valence bond consists of a spin paired set of electrons shared in the bonding region between atoms.
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3.
The strength of the bond depends on the overlap between the atomic orbital sharing the electrons.
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4.
The geometry of the molecule is determined by forming linear combinations (sp+ =  s + pz  ; sp- = s – pz) of the atomic orbitals on a single atom called hyprid orbitals.  These hybrids point along a bond forming a directed valence to maximize the overlap of the shared electrons.
	Hybrid
	Electron Geometry
	Orbitals
	Bond Angle

	sp
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	2 sp + px + py
	180o

	sp2
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	3 sp2 + pz
	120o

	sp3
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	109.5o

	sp3d
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	5 sp3d
	120o, 90o

	sp3d2
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Exp9: Molecular Orbital Theory – Robert Mulliken
Atomic Orbials  - Solve S.E. for H



S.E.
    A.O.

Aubau

Electron Configuration O

H 
 →
s, p, d, f  
   →    

1s2 2s2 2pz2 2px1 2py1
Molecular Orbials  - Solve S.E. for H2+

S.E.
    M.O.

Aubau

Electron Configuration O2
H2+ 
 →
   , ,  
   →    

1s2 *1s2 2s2 *2s2 2p2 py2 2px2 py1 2px1
LCAO (Linear Combination of Atomic Orbitals)
The properties of Molecular Orbitals are given by their shape and number of nodes just like the properties of Atomic Orbitals.  Since electrons in molecules are still trapped in motion about atoms the Molecular Orbitals take on the underlying shape of the Atomic Orbitals.  Molecular Orbitals can best be though of as a linear combination of Atomic Orbital on different atoms.  They are like hybrid orbitals but spread out between two atoms.

MO = Ca aCb b
	MO
	LCAO
	Nodes
	Shape
	Type

	2s
	2sa  + 2sb
	0
	
[image: image17.emf]+ +


	Bonding

	*2s
	2sa  − 2sb
	1
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	Antibonding

	2px
	2pxa  + 2pxb
	1
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	Bonding

	2py
	2pya  + 2pyb
	1
	
[image: image20.emf]++


	Bonding

	2p
	2paz  − 2pbz
	2
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	Bonding

	2px
	2pxa  − 2pxb
	2
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	Antibonding

	2py
	2pya  − 2pyb
	2
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	Antibonding

	2p
	2paz  + 2pbz
	3
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	Antibonding
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