Extra problem from end of lecture on 23 September 2009
In class we determined how the vectors x, y, and z and the p-orbitals px, py, and pz would transform under the symmetry operations in a C3v point group, using the ammonia molecule as an example.  You were asked to determine how the rotation vectors Rx, Ry, and Rz and the five d-orbitals, dxz, dyz, dxy, dx2-y2, and dz2 would transform under these symmetry operations.
To generate the rotation vectors:
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Under the identity operation, E, Rz (as everything does) remains symmetric.  Under the rotation C3, the arrow is rotating with the rotation in the same direction and so Rx remains symmetric under this operation, as well.  The σv operation, however, which lies along the principal axis, z, will reflect the rotation so that it is now anti-symmetric.  This is the A2 irreducible representation.
Rx and Ry must be done together because the C3 matrices mix x and y.  The results for all of the rotations are shown in the table below.
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	E
	C3
	σv
	

	Rz
	1
	1
	-1
	A2

	Rx
	1
	-1/2
	-1
	

	Ry
	1
	-1/2
	1
	


Rx and Ry must be combined to give the irreducible representation that they correspond to, E.  Therefore, they are degenerate.

To determine how the five d-orbitals transform under the C3v symmetry operations:
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The dz2-orbital is symmetric under each symmetry operation and is therefore represented by A1, the totally symmetric irreducible operation.
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The dxz (left) and dyz (right) orbitals mix just as the Rx and Ry rotations did.  We determine that they also fall under the E irreducible representation and are degenerate.
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Finally, by looking down the 3-fold principal axis, we determine that the dxy and dx2-y2 orbitals must also mix and are therefore degenerate and represented by E.

By filling in the transformations we have determined, the character table will look like:
C3v
E           2C3       3σv

A1
1
1
   1
z
           z2
A2
1
1
  -1
Rz
E
2
-1
   0      (x, y)(Rx, Ry)   (x2 – y2, xy)(xz, yz)
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