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Transition between initial and final state

krl .
(f|Ag- pe™™ i) (1)
Pertforming a Taylor expansion of the exponential factor gives
eXT —14ik-r+...
The first order approximation, ekT 1
This corresponds to the electronic dipole transition. With radiation

incident in the x-direction, we get

(Flpali) = (B — )i 2)



Higher order transitions, include ik - r.
Again with radiation incident in the x-direction

(f[Ag-p(1+ik-1)|[i) = (f|Aopy (1 + ikz) i) (3)
Using hl, = xpy — pary

TPy = Zl 5+ ;(xpy + P2y) (4)
(F oyl i) = 3 (F IBLel) + {F (oy + 2o i) 5)

The first term here corresponds to the magnetic dipole contribution.
The second term can be rewritten as to the form

(] ) (6)

This is the electric quadrupole transition.



We have seen that the electric dipole moment operator transforms like

coordinates (x,y,z). (polar vector). For example, consider a rotation of

angle ¢ around the z-axis

cosp —sime 0
Fv(gp) =|sinp cosp 0 (7)
0 0 1

This gives the character of the transformation

X
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[f this is combined with an inversion, there is a sign change

—cosp singp 0
Fv(go) = | —sinp —cosp 0
0 0 -1

This causes the character to change sign as well

X" () = =(1 4 2cos )
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For the magnetic dipole moment, it will instead transtform like rotations
(an axial vector). For the rotation, this is the same, but it is invariant
under rotations. Hence the character of the magnetic dipole moment
operator will always be
YAp) =1+ 2cos g (11)
To to illustrate how the coordinates transtform, let us use C3, as an
example. The character table of U3, looks like

AT 11 z
Ayl 1 -1 R.
L2 -1 0 (xay)7<RiU7Ry)




let us first check how each operator changes the vector r

V3
T T T —5 + Y54
Pply| =y Pog |y | =| -V _
2 2 z -
T T
FPo,ly| =1y
2 2
CS’U E 203 ?)O-’U
AT 1] z
A1 1 A R,
E 12 -1 0 [(#y) (R, Ry)

Electric dipole - coordinates
Magnetic dipole - Rotations




Looking at

(A0~ pe™i
the initial and final states must transform like irreducible representa-
tions of the group. since the operator also transtorm like IR we can

make a selection rule.

(i [P Tp) = (TiTp @ T'p) # 0 (13)

The direct product can be decomposed into a sum of irreducible repre-

sentations using the following relation

Bl) =+ v raxP(Ka)xX (Ka)x(Ko)* (14)

gclasses



For example in (Y, the direct product table will look like this

Ca, | A1 Ao E
A1 1A As E

Ay 1Ay A b
E2 EZ ElAl—I—AQ—I‘E

electric dipole transitions.

7z component - Ay
xXy- L

magnetic dipole transitions
7. component - Ao
xXy-FE



LCAO-MO model for NH3

reducible representation for Hg

Ch, | E 205 30y
X |0 0 |

Freducible — Al + b

can construct molecular orbitals of A7 and £ symmetry
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