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Molecular Orbital Theory for polyatomics--constructing MO diagrams

My technique for constructing MO diagrams is based on (and significantly simplified from) that of Verkade.  While I find it works well in my classroom for my students, they benefit from careful step-by-step instruction of the method through several weeks of in-class exercises.  This LO has links to pencasts where I go through three easy examples that demonstrate the technique, as well has how I handle lone pairs by this method.  As transition metal complexes don’t have stereochemically active lone pairs, they are often easier to deal with than even something seemingly as simple as water!

Group
Molecule


1. example
BH3 (no lone pairs)
2. example
NH3 (z-axis = electronic axis)
3. example
H2O (z-axis ≠ electronic axis)
Reminder of the technique for constructing LGO’s:

I  Draw a Lewis structure and assign VSEPR geometry

II  Assign a point group to the molecular geometry
III  determine the central atom’s VB hybrid orbitals for the electronic geometry
IV  use the VB hybrid orbitals as generator orbitals

V  Generate the LGO’s by taking linear combinations of the ligand -orbitals (lobes) to get an orbital with the same symmetry as the generator orbital

VI  Assign proper symmetry labels from the character table

Reminder of the technique for constructing MO diagrams:

I  name the MO diagram and its constituents

II  place AO's and LGO’s with relative energies on one sides

III  place the correct number of electrons on each side

IV  form MO's (bonding, antibonding and non-bonding) and give them symmetry labels

V  place electrons in the MO's working from the bottom up

VI  be able to draw each MO

	Oh
	E
	8C3
	6C2
	6C4
	3C42
	i
	6S4
	8 S6
	3h
	6d
	

	A1g
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	x2+y2, z2

	A2g
	1
	1
	-1
	-1
	1
	1
	-1
	1
	1
	-1
	

	Eg
	2
	-1
	0
	0
	2
	2
	0
	-1
	2
	0
	(2z2-x2-y2,x2-y2)

	T1g
	3
	0
	-1
	1
	-1
	3
	1
	0
	-1
	-1
	(Rx,Ry,Rz)

	T2g
	3
	0
	1
	-1
	-1
	3
	-1
	0
	-1
	1
	(xz, yz, xy)

	A1u​
	1
	1
	1
	1
	1
	-1
	-1
	-1
	-1
	-1
	

	A2u
	1
	1
	-1
	-1
	1
	-1
	1
	-1
	-1
	1
	

	Eu
	2
	-1
	0
	0
	2
	-2
	0
	1
	-2
	0
	

	T1u
	3
	0
	-1
	1
	-1
	-3
	-1
	0
	1
	1
	(x,y,z)

	T2u
	3
	0
	1
	-1
	-1
	-3
	1
	0
	1
	-1
	


	D4h
	E
	2C4
	C2
	2C2'
	2C2"
	i
	2S4
	h
	2v
	2d
	

	A1g
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	x2+y2, z2

	A2g
	1
	1
	1
	-1
	-1
	1
	1
	1
	-1
	-1
	Rz

	B1g
	1
	-1
	1
	1
	-1
	1
	-1
	1
	1
	-1
	x2-y2

	B2g
	1
	-1
	1
	-1
	1
	1
	-1
	1
	-1
	1
	xy

	Eg
	2
	0
	-2
	0
	0
	2
	0
	-2
	0
	0
	(Rx,Ry), (xz, yz)

	A1u​
	1
	1
	1
	1
	1
	-1
	-1
	-1
	-1
	-1
	

	A2u
	1
	1
	1
	-1
	-1
	-1
	-1
	-1
	1
	1
	z

	B1u
	1
	-1
	1
	1
	-1
	-1
	1
	-1
	-1
	1
	

	B2u
	1
	-1
	1
	-1
	1
	-1
	1
	-1
	1
	-1
	

	Eu
	2
	0
	-2
	0
	0
	-2
	0
	2
	0
	0
	(x, y)


	D​5h
	E
	2C5
	2C52
	5C2
	h
	2S5
	2S52
	5v
	

	A1’
	1
	1
	1
	1
	1
	1
	1
	1
	x2+y2, z2

	A2’
	1
	1
	1
	-1
	1
	1
	1
	-1
	Rz

	E1’
	2
	2cos72°
	2cos144°
	0
	2
	2cos72°
	2cos144°
	0
	(x,y)

	E2’
	2
	2cos144°
	2cos72°
	0
	2
	2cos144°
	2cos72°
	0
	(x2-y2, xy)

	A1”
	1
	1
	1
	1
	-1
	-1
	-1
	-1
	

	A2”
	1
	1
	1
	-1
	-1
	-1
	-1
	1
	Z

	E1”
	2
	2cos72°
	2cos144°
	0
	2
	-2cos72°
	-2cos144°
	0
	(Rx, Ry), (xz,yz)

	E2”
	2
	2cos144°
	2cos72°
	0
	-2
	-2cos144°
	-2cos72°
	0
	


	D3h
	E
	2C3
	3C2
	h
	2S3
	3v
	

	A1’
	1
	1
	1
	1
	1
	1
	x2+y2, z2

	A2’
	1
	1
	-1
	1
	1
	-1
	Rz

	E’
	2
	-1
	0
	2
	-1
	0
	(x,y), (x2-y2, xy)

	A1”
	1
	1
	1
	-1
	-1
	-1
	xy

	A2”
	1
	1
	-1
	-1
	-1
	1
	z

	E”
	2
	-1
	0
	-2
	1
	0
	(Rx, Ry), (xz,yz)


	Td
	E
	8C3
	3C2
	6S4
	6d
	

	A1
	1
	1
	1
	1
	1
	x2+y2 +z2

	A2
	1
	1
	1
	-1
	-1
	

	E
	2
	-1
	2
	0
	0
	(2z2-x2-y2, x2-y2)

	T1
	3
	0
	-1
	1
	-1
	(Rx,Ry,Rz)

	T2
	3
	0
	-1
	-1
	1
	(x,y,z)(xy,xz,yz)


	C2v
	E
	C2
	v(xz)
	v’(yz)
	

	A1
	1
	1
	1
	1
	Z, x2,y2 ,z2

	A2
	1
	1
	-1
	-1
	Rz, xy

	B1
	1
	-1
	1
	-1
	x,Ry, xz

	B2
	1
	-1
	-1
	1
	y,Rx, yz


	C3v
	E
	2C2
	v
	

	A1
	1
	1
	1
	z, x2+y2 ,z2

	A2
	1
	1
	-1
	Rz

	E
	2
	-1
	0
	(x,y)(Rx,Ry)(x2-y2,xy)(xz,yz)



