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Symmetry elements

Symmetry operations

Multiplication of symmetry operations
Molecular point groups

Determination of molecular point groups

Examples of some applications

G’quﬂﬁaNmmS 277

“Flag symmetry”

S L7 -
| . IS « *
J * *

Thailand

— [ am

Austria

Japan Austalis America (USA) Spain

WY
/5
*

Switzerland Sweden Great Britain Viét Nam



Symmetry in nature, art, and architecture Symmetry elements & Symmetry operations
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Symmetry elements & Symmetry operations WAHRHWANNTINT (Proper rotation axis): C_
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Proper axis C, Rotation about axis by 360/n °

Symmetry plane (e Reflection in plane

Improper axis S, 1. Rotation by 360/n ©
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UWARRNWANNTINT (Proper rotation axis): C
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Symmetry elements & Symmetry operations
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1. Proper axis (C ) = NNRIBUUAK 360/n BIAT
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MUK VSEPR model
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S 0,XC,=C,X0,=0, = AanUAn1saaud

(commutative property)
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Symmetry elements
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1. HCN
2. H,S
3. BeF,
4. CiHg
5. BeF,
6. SiCl,
7. PCly
8. XeF,
9. CH,
10. CH,CI

0, point group

C; and C4 axes

11.

12.

13.
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<

2, a e @ (% o
m's?muWsﬂsmﬂuml,mumsﬂ'szmaumm

CH,CI, aij
m
rows
SF,
SF.Cl

trans-SF Cl,
1,2-dimethylcyclopentane
Au(CN),"
N13AN matrix
cis-PtCl,Br,
trans-[Co(NH,) (H,0),1**

C,H, (staggered) k J

. 1 s 7 3 1)(7) + (5)(4) (1
C,H, (eclipsed) ll:g 6:|X|:4 8}k=[22357;+E6;E4; Ez

m-by-n matrix

n columns
a1 a2 ai ---
81 @2 a3 ---

31 Az a3 .- .

Cij = EAM- X Bkj

Cj; = product matrix, with i rows and j columns
Ay, = initial matrix, with i rows and & columns
initial matrix, with & rows and j columns

F
I

J J

Y3) + (5)(8) | |27 43
)3) + (6)(8) |~ |38 54



2, a e @ % o
ﬂ']‘i?"?.ﬂu‘i’l‘iﬂ‘ﬁl,ﬂ%ﬁ']tt‘l’luﬂ']’iﬂﬁzvmﬂﬂ HIBIT

2, a e @ (% o
ﬂ”l’i?‘lfl,uVIﬁﬂ‘ZfLﬂ‘lAWJLWI%ﬂ’]’Sﬂ‘S%V]’]ﬂN84’](5]’5

Ast# matrix aButensnsyinanNIRszasluang 1} Identity (E
z z
®  |dentity (E) z
Z Z
®  |nversion (i)
Y E
B Reflection (G) / /
® Rotation (C) y
X X
® Rotation-Relection (S,)
1 0 X X
X 1 = v
P 0 0 1 Z 7
wARATSZN (cartesian coordinate)

wALSALABSABY matrix () = 3

% a e @ % o 2 a o G G o
ﬂ']’i??ﬂ“ﬂ‘iﬂ‘ﬁlﬂum'JLL‘VIuﬂ']’iﬂﬁz‘Vl"TNN N9 ﬂ"l‘i?‘lﬂ&l NINVLURAIUNHNTISNTENIFNHNING

2) Inversion (i) 3) Reflection (G)
z z z z

> y ¢ y ¢ >
X S X /l X
-z .




% a e @ % o 2 a o G o o
ﬂ']’i??ﬂ“ﬂ‘iﬂ‘ﬁlﬂum'JLL‘VIuﬂ']’iﬂﬁz‘Vl"TNN N9 ﬂ"lﬁ?‘lﬂ&l NINVLURAIUNHNTISNIENIFHNHNING

Matrix #t#agune o, fia 4) Rotation (C )

1 0 z z

0 1 -l

0
0
L J z z
1 -X
_ Y < Al
Matrix 289 G,, = 1 0 0 " v y < Y y
0 -1 0
0 0 1

i B B -1 0 0 X - X
Matrix 289 c, = 1 0 0
0 -1 0 Y = -y
0 1 0

Y (O) =1 1) = E

% a e @ % o 2 a o G G o
ﬂ']’i??ﬂ“ﬂ‘iﬂ‘ﬁlﬂum'JLL‘VIuﬂ']’iﬂﬁz‘Vl"TNN N9 ﬂ"l‘i?‘lﬂ&l NINVLURAIUNHNTISNTENIFNHNING

{ & o I
91T matrix ﬁtﬂumsmummwm'mﬂﬁimiutﬂusg34 9 sammumg‘u Cn

N
N

z
z z

< > y X y z
Y C”
> y 7 X




2, a e @ (% o
ﬂ']’i??.ﬂﬁ\l‘i’l‘iﬂ‘ﬁl,ﬂ%WQLLV]uﬂqﬁﬂﬁz‘VﬂNN HIR9

cosO s 0 X X'cosO - Y'sin@
sin® cosO 0 Y = X'sin@ + Y'cosO
V'<in® 050 0 0 1 z z
/0 X
Y X' 0
0 V'eos0 X (C)=14+2cos
X'sin@
y s ]
faasing O = 180 °©

X = X'cosO - Y'sinO

Y = X'sin® + Y'cosO cos180  -sin180 O -1 0

7 - 7 sin180  cos180 0 | P 1
0 0 1 0 0 1

2, a ¢ @, (% )
ﬂ']’i??.ﬂﬁ\l‘i’l‘iﬂ‘ﬁl,ﬂ%WQLLV]uﬂqﬁﬂﬁz‘VﬂNN HIR9

‘@ yausamaiaas matrix (}) O

S YE) =3
° ) = -3
S Y©) =1

% Y (C) = 1+2cosO

Y% (S,) = -1+2cosO

@ = 360/n °

2, a e @ (% o
ﬂ”l’i?‘lfl,u‘Vﬁﬂ‘ﬁLﬂ%WJLW]%ﬂ’]’iﬂ‘iz‘VﬂﬂN84’](3]’5

5) Rotation-Reflection (Su)

FIBEN A19NTEYIN S, ATHUNK Z

N
N
N

N
=<
lh
N_\
ol
=<
N
.
x
LQ
x
1
=<
I
>

-1 0 1 0 -1 0]
0 -1 1 = 0 -1
0 0 1 0 -1 0 -1

o o  Av. A
RANNITDEADHULAENREL T N LUR WU RS

f288i19 399 matrix LS BAIRVIHAISASTINITNHINSARFBNISNTEIAVDS

' ¥
LLARSBEAID N?‘HTN LRAAUT

C,'(2):

1 0 0/0 0 0 0 0|
0 -1 0000 0 0
001 00000 O
00000 OG-0 0
000000 O0- 0
0 000O0GO OO0 0 1
0 00-10000 O
000 0--1 000 O
. 000001 0 00|




o o  Av. A
RANNISALADNURZNHEET (HIURRUURS

H28819 IR matrix sNSLLRAILTIHNITASTINANHIRSARFANITNTZIAVDS

' ¥
LIRS B (FI?JN?HTN LRNAUT

GXZ

1 0000000 0|
0 -1 0000 O0O0 O
001 00O0O0O0 O
000 0O0OT1O0 0
000 00O O0-10

X2 00 00 00 0 01

0001 00 0 0
000 0-100 0

|l 000001 0 00|

Y =1

o o  Av. A
RANNISALADNURZNHEET (HIURRUURS

s 1 o a PR s o da
SAIBEN ’QQWWW’JLLVIH%%@@G]VI@H?@’IVIHJuG’I’JLLVI%ﬂ”ﬁﬂSZ‘VI’]NNNqﬁliﬂﬂm@ﬂ’]i

v
ﬂsmmmtmazﬂzmﬂuTumqmmm (TH2O)
C,,(2mm) |E C, o,(x2) o0, () h=4
/\ A, 1 1 1 1 % Tt
A, 11 - 4 R, xy
H H B, 1 -1 1 -1 xR =
B, 1 -1 -1 1 »R, yz
Co E Co) G, vz
No. of unshifted atom 3 1 1 3
Type of unshifted atom o] o] (0] 0, 2H
Contribution/atom () 3 -1 1 1
Tio0 5)(3 1X -1 1X1 3 X1
Fauvuiiaanaulé (Reducible representation) ;| 9 -1 1 3

o o  Av. A
RANNISDEADHULAEANREL T N LUR WU RS

f288i19 3991 matrix sASLHBAIRVIHNISASLINITNHINSARFTNITNTEIAVDY

' ¥
LLARSBEAID N?‘HTN LRAAUT

c,:
21 0 0/0 000 0 O]
010000000
001 000000
0 00-10000 O
00001 000 O
0000O0T10 0O
0 000O0O0-100
0 000O0GOC 0 10
. 000000 0O 1|
Y =3

MISI9LALSALABS (Character table)

Point group Class of symmetry operations Order of group
C,2mm) | E C, o,(xz) 0, () h=4
A, 1 1 1 1 z R
Mulliken A, 1 1 -1 -1 R, xy
symbols B, I -1 1 -1 x, R, ax
B, [ 1 »R, yz
faunuiiaanaululs base

(Irreducible representations

1
HAASRANBU = HZX LN

f= RSy

h = order

Ax = wAusAnaIaRnaanauls

X, = wausamasudanananlaili (gainanss)

N = 3TRIUATSNTLTIFHNIATUARLARTN



Fagi1g 91 T,

2 o a P
@d@ﬂﬂﬂu?ﬂﬂgsfuﬁﬂwﬂuqn?l@d GI’JLWIHVI@@‘VIQ%TNTQ

(Reducible representation)

C,@2mm) |E C, o,xz) o,y h=4
A, 1 1 1 1 z 29,2
/O\ A, 1 1 - = | R, «xy
B, 1 -1 1 -1 x, Rv >
H H B, 1 -1 -1 1 R, 2
o E C c 1
2v 2(2) &
B f=5% ZxRXN
T 9 -1 1 3

H20

f(A,) =(1AZOXIX)+(~1XTX1)+(1IXTXT)+(3X1X1) = 1/4(9-1+143) = 3

f(A) =(1/4) Z(OXTXN)+(=1X1X1)+(1X=1X1)+(3X-1X1) = 1/4(9-1-1-3) = 1

f(B,) =(1/4)Z(9X1X1)+(=1X=1X1)+(1XIX1)+(3X-1X1) = 1/4(9+1+1-3) = 2

f(B,) =(A)Z(IXIXT)+ (= 1X=1X1)+(1X=1X1)+(3X1XT) = 1/4(9+1-1+3) = 3

ST

=3A + A, + 2B, + 3B,

H20

. C,Q2mm) |[E C, o,x2) o0, (y) h=4
Co Ca O yz A, 1 1 1 1 2 % o 5
Toon 2 0 0 2 A, 1 1 -1 -1 R, Xy
B, 1 -1 1 -1 £ RV x
B, 1 -1 -1 1 R,y
1
10 f= Z ZXRXIN

f(A) = (1/4)Z(2XTX1)+(0X1X1)+(0XTXT)+(2X1X1) = 1/4(2+0+0+2) = 1

f(A,) = (1/4) 22X 1X1)+(0XTX1)+(0X=1X1)+(2X1X~1) = 1/4(2+0+0-2) = O

f(B) = (1/4)2(2X1X1)+(0X=1X1)+(0X1X1)+(2X-1X1) = 1/4(2+0+0-2) = O

f(B,) = (1/4)Z(2X1X1)+(0X=1X1)+(0X-1X1)+(2X1X1) = 1/4(2+0+0+2) = 1

“Toy=A +B,

o o  Av. A
RANNISDEADHULAEANREL T N LUR WU RS

s ' o a 2 @ o ° aa
NIV @G‘VI’]GI’JLL‘VI‘H‘!I‘HG’I@ﬂ‘l’l’ﬂ%\fﬂ‘l’lL‘L]‘HW'JLLVIHﬂ']iﬂiS‘VI"IﬂNN”IWSVINW’ﬂ

v 1]
WKge O—H ?uimaqam (TO_H) LL’NS@ﬂﬂﬂu?ﬁﬂg?ugﬂﬂﬂu’lﬂ?lﬂﬂGl'JLWIHﬁ

aonawnln s
C,,(2mm) |E C, o,(x2) o0, () h=4
r1 r2 A, 1 1 1 1 z Tt
A, , G (R -1 R, xy
H H B, 1 -1 1 -1 xR =
B, 1 -1 -1 1 »R, yz
C2v E C2(z) Xz yz
No. of unshifted bond 2 0 0 2
Contribution/atom 1 1 1 1
TO—H 2X1 0X1 0X1 2X1
2 0 0 2

o ' o a 2 1 c%’
NIV @QNQWQHW’JLLV]‘HNNquiﬂﬂﬂ‘l’l’ﬂufﬂ mafﬂu

G, E 2¢, 30,
T, 5 1
C,.(3m) |E 2C, 3a, b=6
A, 1 1 1 |z xt ey 2
A, 1 -1 |R
E 2 -1 0 | () (RLR)  (x* =y~ xy)lax, y2)
1
il T= h xRN

f(A) = (1/6)2(5XTX1)+(2X1X2)+(1X1X3) = 1/6(5+4+3) = 2

f(A,) = (1/6)Z(5XTX1)+(2X1X2)+(1X-1X3) = 1/6(5+4-3) = 1

f(E) = (1/6)Z(5X2X1)+(2X~1X2)+(1X0X3) = 1/6(10-4+0) = 1

ST =2A + A+

E



asauaasluans ArsauaasluAng

ﬂ’]iﬂ?z@@]‘ﬂ@\‘ﬂ:ﬂl@qﬂ TC’:N = Tvibrqtion i Ttranslation v Trotqtion
(molecular displacement)

| Tvibration = T3N - Ttranslu’(ion - Trotation

| | famging Colmm) [E_C, ox) o009 | b=4
158 (vibration) N1518au# (translation) NT9NYU (rotation) A, 11 1 t #AR

/O\ A, 1 1 - -1 R, «xy
B, 1 -1 1 -1 x, RY x
1 H H B, 1 -1 -1 1 , 2
Tumqaﬁﬂsxﬂ'auﬁw N azman = Degree of freedom = 3N : »R

Ty = Z’)A1 + A2 + 2B1 + 382 (degree of freedom = 9)

Degree of freedom ﬁm%’umsé’waﬁmaq@ = 3N - 6 (non-linear molecule) Tyansiation = Ay + B, + B, (degree of freedom = 3)

= 3N = 5 (linear molecule) Trotation = A, + B, + B, (degree of freedom = 3)

=[3A, + A, + 2B, +3B,] — [A, + B, + B,] - [A, + B, + B,]

vibration

= 2A, + B, (degree of freedom = 3)
@
19N UY ’QQTN IRTIN B2 ¢, 30, h=6
o , T - C3v E 2(:3 30V A 1 1 1 z L B
fa9eins 991 T, . 2Buanluily A Y
Ty 12 0 2 2 -1 0 [ (3 (RLR) (-2 xy)ex, y2)

NH, => Point group: C,

1
AANDUINGAT f= 5 ZxrxiN

N C,3m) | E 2C, 30, h=6
// \ A, 1 il 1 2 x4y 22 f(A) = (1/6)2(12X1X 1)+ (0X1X2)+(2X1X3) = 1/6(12+0+6) = 3
Hoy H A, 1 v 4 |
E 2 -1 0 | (%) ((R,R) (¥ =y xy)ax, )2) f(A,) = (1/6)Z(12X1X1)+(0X1X2)+(2X-1X3) = 1/6(12+0-6) = 1
fE) = (1/6)2(12X2X1)+(0X-1X2)+(2X0X3) = 1/6(24+0+0) = 4
Cav E 26, 30, 5. Ty, = 3A, + A, + 4E (degree of freedom = 12)
No. of unshifted atom 4 1 2
911 character table: Trransiation = Ay + E (degree of freedom = 3)
Type of unshifted atom N,3H N N,H
Contribution/atom ()() 3 0 1 Trotation = A + E (degree of freedom = 3)

T

T:’;N 12 0 2 vibration

= 2A, + 2E (degree of freedom = 6)




arsaupaslNana

AABL1g I9%T T

vibration

289 XeF,

arsaRuUuAtetulNana

o ' a o P ¥
MBI WITTEUTINHEE O—H LWBKI Tstretching ABINR
r r C,(2mm) |E C, o,lxz) 0, () h=4
A, 1 1 1 1 2 LAl
H H A, 1 1 -1 -1 R, xy
B, 1 -1 1 -1 x, R‘Y 2
B, i 4 =i 1 »R,
Co E ) o, G,
No. of unshifted bond 2 0 0 2
Contribution/atom 1 1 1 1
To—n 2 X1 0X1 0X1 2 X1
2 0 0 2
1
ﬂﬂm@u'qqﬂgmi = h z:XRXIIV = Tstretching = A1 + B2
P &
a9 T, o= 2A + B, .. Tbendmg = [2A1 + 52] - [A1 + B2] = A1

arsauuuusnetuluana

LL‘IJ‘iJﬂ"l‘E‘Z?H"I.I?NTNL@fI@

(mode of molecular vibration)

n1sHRUUUEARA (stretching)

[ INPLANE STRETCHING MOVEMENTS _ |

asauuuulnisss (bending)

[ IN PLANE BENDING MOVEMENTS |

\fiasann T =2A +2E .. T

vibration

bending

=[2A, + 2E] - [A, +E] = A +E

[ ] [ ] o A et
\c// \cf/ o ~o
SCISSORING ROCKING
ASYMMETRIC SYMMETRIC
I OUT OF PLANE BENDING MOVEMENTS I
TWISTING WAGGING
Tvibration = tstretching + Tbending ._ E
@ 1
19N UWLLUU G’I’NGTTHTN AN
o 4 a
faatine 99 T, vaswanladle (T, = 24 + 2E)
N C,(3m |E 2C, 30, h=6
r1 r?) -
//2\ A, 1 1 1 | & x4y, 2
Ho H A, 1 4 | R
E 2 0 | L, (R,R) (2 =% xy)(zx, y2)
C3v E 2C3 30\/
No. of unshifted atom 3 0 1
Contribution/atom () 1 1 1
Ty 3 0 1
1

AANBUIINGAS = h ZARAIN = Toercnng = A+ E



