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Molecular symmetry
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C; principal axis




The determination of point groups of
molecules

only one rotational two O but no O, mirror planes means
axis = C,

point group is C,_
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The point group of the water molecule is Ch,




Other linear molecules:

The top row of linear molecules all have a center of
inversion (i) and so are D_, .
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HC=N C=
The bottom row have no C All have a C._
i and so are C_, — axis







Symmetry Operation (i-ll-ﬂcﬂ (s )
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Types of symmetry operatation
1. Rotation

2. Reflection
3. Rotation-Reflection

4. Inversion



1. Rotation (GLHRL)
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2. Reflection (URlclclel)
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mirrar plane
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3. Rotation-Reflection (GillQl-‘-lElClc{Oi)
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4. Inversion (BEHQL So%)
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Symmetry elements and types

AAQA dccll A Aol UsLR)



1 Proper axis of Rotation C

(2092 GHRL A&L)

2 F‘Ie_me of Symmetry
Rl AHaa)

3 Improper axis of Rotation Or S
Rotation-Reflection axis of symmetry

(2R, GHEL A&L)

4 Inversion centre Or Centre of symmetry i

(BSHRL Bost / Al 3ont)

5 ldentity E

(dda Q)



1. Proper axis of Rotation(ED.OEJ. GLHRL W)

T2
[::] Rotation
U il e - >
1 : ©=180
n=360/0 n=360/180
OR
0 =360/n

H;JFH

C

L

©=180 l Rotation




An n-fold rotation is a symmetry operation that leaves a molecule
apparently unchanged after rotation by 360°/n.

The symmetry element is an n-fold axis of rotation, C,
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Note that C;° = E .

Flgure 7-1
Shriver & Athins Inorgamic Chemistry, Fourth Edition Figure 7-2
O 000G by I i W, Aiking, T.L.O P M e, ared F. & Aamm
by R R L U T A s Toxreal Shriver & Atkins Inorgonic Chemistry, Fourth Edition
© 006 by DUF. Shrrver, W Atking, T L. Oventon, L P Rourke, M. T. Weller, and F. A Armtr L]
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Rotational axes of BF,

principal axis
(highest value of C,)

C, C, C, C,

R . o)

¢ « ¢

three-fold axis three-fold axis two-fold axis two-fold axis

viewed from viewed from viewed from viewed from
above the side the side above

Note: there are 3 C, axes
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C.+nC,=D_

C;+3C,=D;
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C, +taC,=D,_







Notation of Rotation

C"=E&C2"=E

C21;C22 — C21’E

H

T

"‘-u____x_l_!l

Rotation
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F/\FF/\F F/\FF%/\F
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Gt E
F,

\ C31,C32,C33 ———— C31,C3-,E

/ \ Cnn-l — Cn-l (C32 — C3-1) ) C33 = E



C,}C2%CAC," mmmp C,1,CLC, E
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C61) C62)C63) C64)C65) C66 — C61' C31,C21, C32,C6-, E



Operation specific operation

C,L,C,2 ) C,LE
C,1,C.%C3 mm—) C,1C,E
C,4C,% G000 > CLGLC,E

C',C%C3,C%Cp> mmmmmmm . 1C.2C3C. E

Ce'Ce%Ce?)Ce" Co Cp® mmmmmmmy C 1 C.1C,1C2C, E

C"=E&C?%*"=E & Cnt=C"1



2. symmetry plane
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Reflection

N, = PN
2 . -




Notation of Reflection

ak=E
where k=2,4,6,.....etc.

o k= dHJRL
where k=1,3,5,.....etc.



Types of symmetry plane

(1) vertical symmetry plane (o)
(Gecl YHldl UHAA)

(2) Horizontal symmetry plane (o)
(-l AHldl AHdaA)

(3) Dihedral symmetry plane (o)

((As2wela AHldl uHAA)



(1) vertical symmetry plane (o)

% Al AHAA Hual aHEL uat AHLAd Slal MUl Hud GHEL

e d AHldl ¥HAA Hl dHIAR A v adl sl dal 3l aHdca
Ged dHldl AHAA 58 B,
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mirrar plane




bih




(2) Horizontal symmetry plane (o)

AH-@Ay Al aHda)

B AHldl AHAA HuA GHEL AR Aol 23U AUAEA slaL dell
AHAA dH-(EAdey Al dHdd 58 9.
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(3) Dihedral symmetry plane (o,)
((@swla ALl AHAA)
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Naming point groups (contd.):

A subscript ‘A" means that there is a ¢, mirror plane at
right angles to the n-fold principal axis:

C4, principal axis C3 principal axis

only one
of the three

o planes
IS shown

A subscript ‘d’ (or v for C groups) means there is no o, mirror
plane, but only » ¢, mirror planes containing the principal C_ axis.
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Naming point groups (contd.):

A subscript ‘A" means that there is a ¢, mirror plane at
right angles to the n-fold principal axis:

C4, principal axis C3 principal axis

only one
of the three

o planes
IS shown

A subscript ‘d’ (or v for C groups) means there is no o, mirror
plane, but only » ¢, mirror planes containing the principal C_ axis.







Difference between o,and o,
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Difference between o ,and o,
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3. Improper axis of Rotation (S,)
(A2 GHBL M)

URHL 5l s wal [Qul A waell sd wge ulbaineu siaell
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S"=0 and S.*"=E whenn=1,3,5,...etc

S"=E and S *"=E whenn=2,4,6,..etc
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/\ /\ Continue up to S°
H 4 H 2
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Improper Rotation

Allene - S 4

Step 1 Proper Rotation
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Step 2 Reflection across plane
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Operation specific operation

S,14,S,2 S,LE

3

1 23 B
551’ 552’ 553’ 554’ 555’ S5 1C5 155 1C5 /0,

1 3¢9
5.6, 5.7, 5.8, 5.9, 5.10 C;',S.’,C3,S.°, E

| [ 111

: 2
S61’ 562, S63’ S64’ S65’ S66 S611C311 1, C3 ’ S651 E



Difference between C, and S,
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(4) Inversion Or Centre of symmetry (i)
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H1, Ho H> 4 H 1 H6 H5
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H2 H3 Ha HS R6 1, HE/-\B Ha
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i“=E ,i*=E,......i"= E where k=2,4,6,......etc

1,05, if = MHJERL  where k=1,2,5,......etc




6. Identity (E) cl&cl
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Point Group ( [a;ﬁ, HHE )
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H,0, (At dclla (Non Planer )
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H,O0, Al ( Planer)
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C, + 20, =Cyv
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m-di nitro benzene p-di nitro benzene o-di nitro benzene

C, + 20, =C,v C, + 20, =C,v
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Stugared fearocin C.

C.+5C,+ 50,4 =D.d
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