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THEORY OF POINT GROUPS

1) Case of the XY2 nen-linear symmetrical molecules

Physical syétem (Fig. 1)

Cheice of xyz (Fig. 2)

Symmetry operations (Fig. 3)
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- Transformation of the components of a vector (Pig. 4)
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- Tranformation of the components of a tensor

(4)

Moo My = x My M

X2 Ovz

i ey

kmuﬁhu
4
Ai f

(5)

- Symmetry species
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- Symmetry species

2 2 1
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- Symmetry species
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Rotation
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Rotation-reflection
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TABLE I
Group Elements of symmetry Order Operations of symmetry
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2) General method

1y -

a) Symmetry group of the equilibrium configuration

- elements of symmetry (Fig.5)

- operations of symmetry (Fig.5)

- gcase of an axially symmetric molecule with n= 3

(Fig. 6, 7, 8) (Table I}

- axially symmetric molecules (Table II)

Cn ! Dn ' Cnv '
Dnd ! S2n
Examples : Dﬁh
D2d

linear molecules

Cnh ' Dnh

(Fig. 9)
(Fig. 10)

n 2

n

- spherical top molecules (Fig. 11, 12)

- asymmetric molecules (Fig. 13, 14)

b) Laws of transformation of the various properties of the
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molecule
- representations
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Oporations
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- symmetry specles ; example : group ij
2
I c 7%) <4w\ Uv Ty Topn
A1 1 1 1 1 1 1
(28)
Ay 1 1 1 -1 -1 -1
E 2 -1 -1 Q 0 o
I 2c, 3o,
A1 1 T 1
- 29
A, 1 1 1 (29)
E 2 =1 o}

- vibrational selection rules

‘,Z( ﬂ; g Y 0 dt {30)
e

3) Case of the non-symmetrical linear molecule

- Group va
- Transformation of Mx My Mz PZ
Operations
I
Cz((f') ’ ‘ %o
(1)_ (c)_ (ag)_
MZ MZ = Mz MZ = M2 . Mz Mzl

(31)
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- Transformation of normal coordinates (Fig. 16)
-~ Transformation of vibrational wave functions
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- Products of symmetry species
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4) case of the symmetrical linear molecules

_30_

= Group D (Fig. 18)

- Table of characters

I 2cz(c‘>) 232((.[)) o, 1 wg ®wC
1 1 1 1 1 1 1
1 1 .. -1 -1 =1 1 -1
1 1 1 1 T =1 -1
1 1 -1 -1 -1 =7 1
2 2cos¢f vee =2 coscf -2 2 0 o]
2 2 cos;r 2 COSI{ 2 -2 0 o
2 2 cos 29 ... 2 cos 21{ 2 2 0 0
2 2 cos 21) vee  —2 cos_2(f -2 =2 Q 0
- Species of M“r and aYY’
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- Species of normal cccordinates (Fig. 19)

- Species of vibrational wave functions

v,

r*,o0,a,¢,T...

v--Tespectively

2%2 V3 e
when La =0,%21,+2,% 3,24
] g when Vo + 3 is even
Vy Vi, Yy 1s
u when V2 + V3 is odd
Examples :
00%0 z; 20%0 z; 1170 @,
10%0 z:; 02%0 z; 10°1  ?
o1'o m 0220 Ag 011 3
0051 b 00%2 zg etc...
~ Species of a product
g.g =g
u.u =4dg
g.u = u
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lpl V" 3 g when AVE + AVB is even
is
v v u when aAvy, + AV3 is odd

- Vibrational selection rules

(Emission, absorption)

T'enz? , TTesz” , Ttz

(Emissicn, absorption) g«» u , ge+f>g, u<ru

AL2 = 0,21, 2
(Raman scattering)

Av2 + Av3 even

rrteart |, ITesr” , b ”

[(Raman scattering) ge>g , uevu, gefou)
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5) Theory of representations *( 3} _ * * (83)
. 52 - { Ty boios
- Representations *(3) *
53 53
Operations
- A
Basis 0y Gj .
S, X x X x S‘:(J) 5, 5,
S, X x X x {78)
g LA E * = . s
5 x % x x % s - {riH1} (s, {rf{n} {5, (34)
r
T T :
{5} { j} 5309 s, 5y
‘V— ’
Ma;rices of transformation
(J) * T =TT,
54 S T J (85)
st -Jr, 5, (79)
gld) 5, * -1
3 I =TTrI. T
J J (86)
- Equivalent representations
* -
5 =2a 5, +b 5,+c S, trace T Iﬁ 7! = trace I5 (87)
*
5, =d 8, +e S, + £ S3 (80)
*
S3 =g 5, + h 52 + 1 83
S? 51 Operations
* Basas 0. C.
S = T S i M
2 L= 2 (81)
S-; 33 S'I S2 53 ri I‘j “ae
* # %® * {88)
a b Cl ] 52 53 ri I‘J e
I =1 -1
{7} ={a e ¢ (82) (=T1;77) (=TT,T7")
3 h 1 [ =
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