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4.1 (vibrational selection rules)
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To find vibrational selection rules, we have to determine whether integrals of the types [¢0 f] are
non-zero, with function f being x,y, z, 22, y?, 2%, 1y, yz, zz or any combination thereof. Let 1Y be totally
symmetric and ¢! may belong to any irreducible representation. We are now meant to identify the
irreducible representations to which ¢! may belong in order to give non-zero integrals for molecules of

symmetry Cy, and Dsy. We start out first denoting the character tables of Cy,:

| Cuo | E | 2C4(2) | Ca | 20, | 204 | linear fcts, rotations | quadratic fets |

cubic functions

A |1 1 1 1 1 z 2 492,22 23, 2 (:102 + y2)

Ay | 1 1 1 | -1 -1 R, - -

B |1 -1 1 1 -1 — 2 —y? z(:v2 —y2)

By | 1 -1 1 -1 1 — xy TYZ

E |2 0 -2 0 0 (z,vy) (Rs, Ry) (xz,yz) (z2%,y27) (zy?, 2%y) (2%, 4°)

We first start calculating all possible direct products:

further:

going on with:

and

E® A
E® A,y
E® B
E® By
EQFE

AT®A = A
Al®Ay = A
Ai®B1 = B
A1 ®By; = B,
Ai®@FE = FE
= F
= F
= F
= F

Ay + A+ B+ B2

Bi®A = B
Bi1® Ay, = DBs
Bi®B = A
Bi1®By = A,
Bi®FE = FE




at last

B2®A1 =
B2®A2 =

By ® By
By ® By
By ® F

Ay ® A =

A ® Ay
A2®B1

A2®B2 =

Ay ® F

By
By
Aa
Ay

Ay
Ay
By
By
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Therefore Ajand E symmetry vibrations will be IR active and Ay, By, Be and E symmetry vibrations
will be Raman active. We used that the direct product should contain the irreducible representation of
the irr. rep. we have looked at for the transition.

Now we denote the charater table of Dsy:

| Dsg | E[2C3 [3C5 | i [ 2Ss | 304 | linears, rots | quadratics | cubic functions

Ag | 1 1 1 1 1 1 — 2 +y?, 22 —

Ao (1| T | 1] 1 | 1 | -1 . - -

E, | 2| -1 0 2 | -11] 0 (Rz, Ry) (27 =y, zy) (22,y2) -

A [ 1] 1 1 | -1][-1] -1 - - (:17 —3y2)

Aoy | 1 1 -1 |-1] -1 1 z — Y (:c2 -3y ) (:c2 + y2
E, | 2] -1 0 | -2 1 0 (z,9) — x2%,y27) [:zryz z x? y?

[ (2? +¢?) +4?)

We can again calculate all possible direct products:

next

A1y ® Ay
A1 ® Agy
Ay @ By
A1y ® Aty
Arg ® Agy
Ag®E,

A2g & Alg
Agg ® Agg




Agg ® Eg = Eg
A2g & Alu - A2u
A2g & A2u = Alu

A2g & Eu = Eu
last g

Ey® Alg = E,

Ey® A2g = K,

Eg ® Eg = Alg + Agg + Eg
Eg ® A, = E,
Eg ® A2u - Eu

Eg & Eu = Alu + A2u + Eu

now the u-terms:

Alu & Alg = Alu
Alu oy A2g = A2u

A, ®E;, = E,
Ay, ® A1y = Ay
Aty ® Aoy = Agg
A ®E, = E,
next
Aoy ® A1y = Aoy
Aoy ® Aoy = Aiy
Ay ®E;, = E,
Aoy ® A1y = Ay
Aoy ® Aoy = Aig
A ®E, = Ey
last u-term:
E,©Ay, = E,
E,®Ay = E,
E,QFE;, = A+ Aw+E,
E, ®An, = E
E,®Ay = E,
E.QFE, = Aig+Ayy+E,

Ag,, and E, symmetry vibrations will be IR active. A;4, and E,; symmetry vibrations will be Raman
active.



4.2 (magnetic dipole allowed transitions for 7T;-symmetry)

For a molecule of T,; symmetry we can determine what pairs of states could be connected by a magnetic
dipole allowed transition, while for example Methane got T,; symmetry. The character table of Ty:

| Ty | E [ 8C5 | 3C5 | 654 | 604 | linears, rots | quadratic fcts cubic functions
A T1] 1 1 1 1 — 22 +y? + 22 e
As | 1 1 1 —1 -1 — — -
E | 2] -1 2 0 0 — (2z2—x2—y2,x2—y2) -
Ty | 3] 0 | =1 | T | =1 | (Ra, Ry, Rz - [v(z2= %),y (2P =% 2 (a® — )]
| 3 0 -1 | -1 1 (x,y,2) (xy,xz,yz2) 3,3, z3)
[z (> +9°) v (z* +2°) 2 (2® +9)]
The direct products are:
oA =T
Ti®A = Ty
ok = Ti+1T,
Ty = Ai+E+T1+Ts
T7'@Ty, = Ai+E+T1+Ts

therefore the following transitions are magnetic dipole allowed:

T
T
Ty
T

Ay
E

T
15

Ll

this follows from the condition, that we need to have at least one T3 in the direct product-reduced

form, for the integral not to vanish.




