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Molecular Orbital Theory for polyatomics--the generator orbital technique

Divide into groups of 2 or 3 and work on the following problems to practice generation of LGO’s by the generator orbital technique.  The *’d ones are harder than the non-*’d ones, usually because they involve lone pairs on the central atom and require moving the molecule “off axis”.  If you are interested in a more rigorous derivation of LGO’s (including -bonding) using group theory, I have a handout on reducible representations, so see me.  When you are done creating your LGO’s, draw the structure of the molecule, with axis system, and the LGO’s (and lp LGO’s) on the board.


Practice problem 1a:  Square planar CH4
Practice problem 1b*:  SnCl2
Practice problem 2a:  TeF6
Practice problem 2b*:  XeF2 (hint, descend in symmetry)

Practice problem 3a:  PF4+

Practice problem 3b*:  PhICl2 (hint, model the Ph group as a H, or a Cl!)


Practice problem 4a:  SnCl42- (hypothetical C3v structure)


Practice problem 4b*:  XeF4 


Practice problem 5a:  H2CSF4 (ignore -bonding LGOs)


Practice problem 5b*:  IF7 (what is structure?!  What are VB hybrids?!)

Practice problem 6a:  N2O (prof johnson will do this one if there is time, and he will include p-bonding!)
Reminder of the technique:

I  Draw a Lewis structure and assign VSEPR geometry

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

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

VI  Assign proper symmetry labels from the character table

VII  Also predict the symmetry of the lone pairs (if applicable) by creating “lone pair ligand group orbitals.”  

In order to do some of the practice problems, you must reorient the axis system.  This is because the electronic geometry has a different z-axis from the molecular geometry.  I illustrated this technique for ICl3 last time.

All required character tables are on the back.  If you find that you need a different character table, you might want to rethink your point group assignment or Lewis Structure.  Just a suggestion.

	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
	sh
	2S5
	2S52
	5sv
	

	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)


