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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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Element Symbol Operation w‘%@gﬂéqaﬁmmmﬂnmﬁ'uﬁ'umw wiagUsresafinlsiain”

Proper axis C, Rotation about axis by 360/n °

Symmetry plane (e Reflection in plane

Improper axis S, 1. Rotation by 360/n ©
2. Reflection through plane <, Cs <4
perpendicular to rotation axis Symmetry element = WANNHUTNNIAT

. 2 [e]
Inversion center i Inversion every point (x,y,z) Symmetry operation = ATSUHWIDUUABANUANNIATAILNN 360/n

translated to (-x,-y,-z)
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UWARRNWANNTINT (Proper rotation axis): C WAHRHWANNTINT (Proper rotation axis): C_
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UWARRNWANNTINT (Proper rotation axis): C
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FLHUIUNHNNTIMS (Plane of symmetry): O
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SEWIUANNIMS (Plane of symmetry): G Lmumguazﬁau (Improper rotation axis): S
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WAWRHWAEYIBU (Improper rotation axis): S_ IAANINRANNIAS (Inversion centre): |
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qﬂgruéﬂmmumm (Inversion centre): i
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Symmetry elements & Symmetry operations
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1. Proper axis (C ) = NNRIBUUAK 360/n BIAT

2. Symmetry plane=> NVIBUHIHITEHIL
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4. Inversion = (%,Y,2) = (-%,-Y,-2)
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MUK VSEPR model
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Symmetry elements & Symmetry operations
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299 INUMIAATRINNNIATHURTINIIINVIgUNaN  (Group  theory) %119
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(successive symmetry operation”

A X B %138 AB = B(1%) and then A(2")
A X B X C %98 ABC = C(1%!), B(2"%) and then A(3™)



NSNS NNIASHUUABLHBS

NSNS NNIASHUUABLHBS

S 0,XC,=C,X0,=0, = AanUAn1saaud

(commutative property)

O, XC,#C, X0, = Liflanifinsaaud

(non-commutative property)
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NSNS NNIASHUUABLHBS
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Point group: NANANFINIRSFI (T, O, |,)

1 [ v v v
NENHUAUANUENNIAS C 71 n>2 ASUA 2 WL FINVINFNANNIATAD
T Aa ' o P

aananisUsdinganuiaiuaznsnas
» 7, wululuana tetrohedral)

" 0, (WUT‘LATNL@Q@ octahedral)

LR (WuTuTqu@ Icosahedral) W% B, H, 2

12712
r >
' N
’ <
F N
|]-I F—F/-SL—F NC m/c.h{—cn
C—
H
H r{ !
N
F
Td Oh Oh Ih
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C,, Point group: C_ Uag nO,, (WWaagany C ) C.,. Point group: C_uaz G, (A9a1nnu C)
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D_, point group

Dm point group = C_, nC, 1 C.,S,, uag
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N, . .H
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H
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Cooy» Doy, POiNt group linear molecule
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1. ﬂ%’ﬂﬁmu

B Linear: Cy, s Dy
B Tetrahedral Ty, Octahedral (0,), Icosahedral ()

2. TNy C uaz S,
m E(C), O (C),I(C)
B Tetrahedral (T,), Octahedral (0,), Icosahedral (l,)

=
3. flaw1z S 3 S, S,,n

4.8 unlifinc, L C

S, point group
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Symmetry 7 d Pha th
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Highest-Order
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+ Cooy Do
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m Gifinga 0 (D) m G, (D, m nG, (D)
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0, point group

Symmetry elements Y’_H__}N
C?
m E -
L,

B 4C Select C, with

3 Lf;.-" | G il highest n; then is
™ 3C2 L | nC,LC?

L
= 3c,
" ec,
" 3S, P
- 4S a, - g,
N T OO O O
VJ;‘LH" s

" 3g f'_..t; 1Cs

h
" 36d =T33 | m%_ Fol( o ' Cubic groups

'..a.c o C.C, Q; iz = C,
Gk
. ?9, a s gj G wal

Samsing sevwasvinZunasTuianasials AT EALHNINVLUUATLNRATTINICVITINNNING

m-by-n matrix

1. HCN 1. CHLCI, ajj n columns —

o <8

2. H,S 12. SF, | A A aw -

3. BeF, 13. SFCI 821 @2 Q3 - --
ds 832 833 .--

4. CiHg 14. trans-SF,Cl, . .

5. BeF, 15. 1,2-dimethylcyclopentane L ' . —

6. SiCl, 16. Au(CN),”

N15ABL matrix Cj= 24z X By
7. PCl 17. cis-PtCl,Br, C;; = product matrix, with i rows and j columns

Ay, = initial matrix, with i rows and & columns

8. XeF, 18. trans—[Co(NH5)4(H20)2]2+ By; = initial matrix, with k rows and j columns
9. CH, 19. C,H, (staggered) k J d J

. {1 5 7 3 _((M)7)+(5)4) (D3B)+(5)8)( _|27 43)
10. CH,CI 20. C,H, (eclipsed) rL 6] x [4 8}{ = [(2}(7} F(6)(4) (2)(3) + (6)(8) i= 38 54 i

&



2 a & G, 0 o 2 a o G o o
ﬂ’]ﬁ?‘lfLN‘Vl‘iﬂ‘ﬁLﬂ%GI’JLL‘VI%ﬂ’ﬁﬂ?Z‘VI’INN N9 ﬂ’]’i?‘lfLNﬂﬁﬂ‘ﬁlﬂ%ﬂ’)ttﬂuﬂ’]‘iﬂ’iz‘l’l’]ﬂu84’](3]‘5

1) Identity (E)

z Z

ﬂ"li?% matrix ’ﬂ%Uﬁﬂﬂ’TﬁﬂizﬁﬁNNN"lﬂiﬂ’ﬂﬂiﬂ LRNA

®  |dentity (E) z

Z
" Inversion (i) / z
LY y E LY
) > > ¥y
®  Reflection (O) / /
® Rotation (C) y

® Rotation-Relection (S,)

1 0 X X

A 0 1 0 Y = Y

e 0 0 1 z z
wARATSZN (cartesian coordinate)

wALSALABSABY matrix () = 3

2 a & G, 0 o 2 a o G o o
ﬂ’ﬁ?‘lﬂﬁd‘i’l‘iﬂ‘mﬂ%GI’JLL‘VI%ﬂ’ﬁﬂ?Z‘VI’INN N9 ﬂ’]’i?‘lfLNﬂﬁﬂ‘ﬁlﬂ%ﬂ’)ttﬂuﬂ’]‘iﬂ’iz‘l’l’]ﬂu84’1(3]‘5
2) Inversion (i) 3) Reflection (G)

Y (i) = -3 X (O, =1



2 a & G, 0 o 2 a o G o o
ﬂ’]ﬁ?‘lfLN‘Vl‘iﬂ‘ﬁLﬂ%GI’JLL‘VI%ﬂ’ﬁﬂ?Z‘VI’INN N9 ﬂ’]’i?‘lfLNﬂﬁﬂ‘ﬁlﬂ%ﬂ’)ttﬂuﬂ’]‘iﬂ’iz‘l’l’]ﬂu84’](3]‘5

Matrix fithesune o, fe [ o o] 4) Rotation (C))
1 0 F z

0 1 -l

0
L . y4 z
1 -X
) . / C, -y /
Matrix 289 G,, = 1 0 0 » Y Yy < 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

2 a & G, 0 o 2 a o G o o
ﬂ’ﬁ?‘lﬂﬁd‘i’l‘iﬂ‘mﬂ%GI’JLL‘VI%ﬂ’ﬁﬂ?Z‘VI’INN N9 ﬂ’]’i?‘lfLNﬂﬁﬂ‘ﬁlﬂ%ﬂ’)ttﬂuﬂ’]‘iﬂ’iz‘l’l’]ﬂu84’1(3]‘5

{ & o I
91T matrix ﬁuJumuwummwmmnﬁwgumug34 6 sammumg‘u Cn




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

‘@ yausamasaas matrix (}) W

S YE) =3
° ) = -3
S Y©) =1

% Y (C) = 1+2cosO

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

@ = 360/n °

2, a e @ (% o
ﬂ”l’i?‘lfLNﬂﬁﬂ‘ﬁlﬂ%ﬁl’)ttﬂuﬂ’]’iﬂ‘iz‘l’l’]ﬂu84’](3]’5

5) Rotation-Reflection (Su)

FIBEN A19NTEYIN S, ATHUNK Z

N
L
N

N
=<
ln
N_\
1
=<
N
\
>
£*3
LQ
X
1
=<
1
>
A
-

-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|




Qv Q dl 1 dl Qv (-4 d' 1 d'
RANNISALADNURZNHEET (HIURRUURS RANNISDEADHULAEANREL T N LUR WU RS

H28819 IR matrix sNSLLRAILTIHNITASTINANHIRSARFANITNTZIAVDS

' ¥ ] ¥
me'axm@NTuTN LRNAUT LLW@Z@%WQN?%TNL@Q@%’]

o, Gyz.

1 0000000 0| 1 0000000 O]
0 -1 0000 O0O0 O 01000000 O
001 00O0O0O0 O 001 00O0O0O0O
000 0O0OT1O0 0 00 0-100O0UO0O
000 00O O0-10 00001 00 0 O

X 00 00 00 0 01 X2 0000010 00
0001 00 0 0 00 00O0UO--100
000 0-100 0 000 0O0UO0 0 10
|l 000001 0 00| . 0000 O0O0 0 0 1|
x=1 xX=3

[ %4 %4 H 1 { -4
RANNISALADNURZNHEET (HIURRUURS A1 19ALLSALAE4S (Character table)

f288i19 399 matrix sANSLLRAILYIHNNTNSEINANHIRSARFENISNSTZANDS

H28819 FIRIFIRTIRYRARANDU HTIL D RAILNIBAITNSEINFTHNIRSANABNTS Point group  Class of symmetry operations  Order of group

v
NSLANUBIUAAZD ABN INIANAZDINT (T,,,,) Colmm |[E C, o,lx2) 0,00 P
A, 1 1 1 1 2 LU o
/n\ fetem|8 G oy oo = Mulliken A, I 1 = =1 R, xy
A 1 1 1 1 z 2,9, T
= ; bol 3 - - x -
g ! s i R, i symbols B, 1 | | 1 X, RY 2X
H H B, T -1 xR B, L = = ! »R, 2
B, 1 -1 -1 1 R /z o 4 Ve
s 5% 2 Faunuiiaanauls G base
(Irreducible representations
Co E Co) G, vz
No. of unshifted atom 3 1 1 3 1 e g
AASRANDY f - _ZXRXIN f = MUIUASY
Type of unshifted atom 0 0 0 0, 2H h h = order
= uAnsALRasaRaRaNa Nl
Contribution/atom () 3 -1 1 1 X o .y
X, = wausamasudanananlaili (gainanss)
Thso 5X3 1x-1 A1X1 3XA1 N = SIUIUNTNTTIINHIATUART AR
Faunuiiaanauls (Reducible representation) i 9 -1 1 3



o o  Av. A
RANNISDEADHULAEANREL T N LUR WU RS

o ' 2 o a Mo
SIIVETY 9711 TH2O QQ@ﬂWﬂuTmﬂgTugﬂNﬂUQﬂm@\iGIQLLVIHVI@@W@%TNTW

(Reducible representation) H28819 IWIHIVRARARANDU FNIUAILNUNISASLINTNNIASTIR BiD
v 1
C,Q2mm |E C, o,lx) o () h=4 WKREL O—H ?uimaqam (Toy) Ltazamwﬂu?ﬁﬂg?ugﬂnamﬂmmmemﬁ
A, ¥ & 3 1 : A2 [ONBULH G
A, 1 1 -1 -1 R, xy
/D\ B, U T =1 x, R = C.Qmm) |E C, o,lxz) o () b=4
H H B, 1 -1 -1 1 »R, » r1 r2 Al 1 1 1 1 z oy 2
A, T 1 = = R, xy
C E c o o 1 H H B QR -1 xR ax
2v 2(z) i ! y
S 1“ 3” f=4 ZARXIN B, ¥ 2 1 wR, ¥
THZO
f(A,) =(1Z@XIXT)+(~TXTX 1)+ (1XIXN)+(BXIXT) = 1/4(9-1+1+3) = 3 G E Co 2 S,
No. of unshifted bond 2 0 0 2
f(Az) =(1/4)2(9X1X1)+(—1X1X1)+(1X—1X1)+(3X—1X1) = 1/4(9-1-1-3) = 1
Contribution/atom 1 1 1 1
B.) =(1/4)L(9XTIX1)+(=1X=1X1)+(1X1X1)+(3X=1X1) = 1/4(9+1+1-3) = 2
f(B,) =(1/4)2( )+( )+( )+( ) = 1/4(9+1+1-3) T, 2% 1 0X 1 0 X 1 2 X 1
2 0 0 2

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

Jo Ty = 3A, + A, + 2B, + 3B,

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

C,(2mm) |E C, o,(xz) @ (vz) h=4 c E 2C 30
2 3v 3
C2V E CZ(Z) ze cyyZ \ 1 1 1 1 z =, _\". s 5 2 1 -
T 2 0 0 2 A, 1 1 =1 -1 R, xy Tm
0—H B, 1 -1 1 -1 x, R 2
B, 1 -1 -1 1 »R, » C,,(3m) | E 2C, 3o, h=6
A, 1 1 1 |z X+ yh 2t
1 A, 1 1 |R
iyl f= r Z%RXIN E 2 -1 0 | () (RLR) (=92 xy)ex, y2)
1
f(A) = (HZ(2XTIXD+(0XTIX1)+(OX1X1)+(2X1X1) = 1/4(2+0+0+2) = 1 o f=5 ZxrXN

f(Az) = (1/4)2(2)(1)(1)+(0X1X1)+(0X—1X1)+(2><1><—1) = 1/4(2+0+0-2) = 0
f(B,) = (4 Z(@2X1X1)+(0X-1X1)+(0XIX1)+(2X~1X1) = 1/4(2+0+0-2) = O

f(By) = (1/4)Z(2X1X1)+(0X=1X1)+(0X=1X1)+(2X1X1) = 1/4(2+0+0+2) = 1

‘. TO—H = A1 + B2

f(A,) = (1/6)Z(5X1X1)+(2X1X2)+(1X1X3) = 1/6(5+4+3) = 2
f(A,) = (16)Z(5X1X1)+(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'Tﬁ'ﬂ?ZQﬂ?lﬂ\’TNLﬂf;lﬂ TC’:N = Tvibrqtion = Ttranslation v Trotqtion
(molecular displacement)
| Tvibration = T?SN - Ttranslu’(ion - Trototion
| | e N C,Q2mm) |E C, o,l(xz) o () b=4
1544 (vibration) 1588 (translation) NN (rotation) A, 1 1 1 1 z o2, 9, 2
A, 1 1 -1 -1 R. xy
/O\ B, 1 -1 1 -1 x, R =
] Py H H _ i A -
TNL@Q@VI‘IJizﬂ’ElUﬂQ%I N azman = Degree of freedom = 3N B, § =t = . »R »
Ty = Z’)A1 + A2 + 2B1 + 3B2 (degree of freedom = 9)
Degree of freedom ﬁm%’umsé’wmmmqa = 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)
Jibration =[3A, + A, + 2B, +3B,] — [A + B, +B,] - [A, +B, +B,]
= 2A, + B, (degree of freedom = 3)
1
Tl
9N HABILNIANS C.6m |E 2C 3, =
5" C E 2C 30 ,-\1 1 1 1 x X4,z
H a 3v 3
AIBEN WA T, oo 2aguanluLily r x I 1 -1 |R
' T, 12 0 2 I 2 -1 0 |y (RAR) (=32 xyliex, y2)
NH, => Point group: C, 1
AAVANIINGANT f= H ZX.R'XJN
N C..(5m) | E 2C, 30, h=6
// \ A, A X4y, 2 f(A) = (1/6)Z(12X1X1)+(0X1X2)+(2X1X3) = 1/6(12+0+6) = 3
H H A, 1 1 -1 [R
: E 2 -1 0 (x, M (R, R) (x2—»% xy)(zx, ¥2) f(AZ) = (1/6)2(12X1X1)+(OX1XZ)+(ZX_1XS) = 1/6(12+0-6) = 1
f(E) = (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 12 0 2 Toivration = 2A; + 2E (degree of freedom = 6)

.



arsaupaslNana

FBEiNg 9N T 289 XeF,

vibration

arsaRuUuAtetulNana

1 ¥
v 1 oa o ] ¥
AV WITTERINUHEL O—H INBK ’Cstretchmg ABIUT
r, r, C,2mm) |E C, o,lxz) o () h=4
A, 1 1 1 1 z A9 2
H H .-\1 I 1 -1 -1 R__ xy
B, 1 -1 1 -1 x, R__ x
B, 1 -1 -1 1 »R,
Co E ) o, G,
No. of unshifted bond 2 0 0 2
Contribution/atom 1 1 1 1
Toy 2 X1 0X1 0X1 2 X1
2 0 0 2

1
aanauangns f= 1 Xy el N = Tiing = A+ By

99990 T, ion = 2A, + B, 2 Ty = [2A, + B - [A +B,] = A,

arsauuuusnetuluana

n1sHRUUUEARA (stretching)

I IN FLANE STRETCHING MOVEMENTS I

LLUUﬂﬁiﬁu"ﬂﬂ@TﬂLﬂf}ﬂ

(mode of molecular vibration)

o/

ASYMMETRIC

N

SYMMETRIC

nsaunuylnsss (bending)

IN PLANE BENDING MOVEMENTS

s RS

SCISSORING ROCKING

OUT OF PLANE BENDING MOVEMENTS

<, 2 S

TWISTING WAGGING

Tvibration

tstretching + tbending

arsaLuuustsluluana

faaeg 9% T

N
r1 f5
r2
H 4 H

=
benaing FBOMANTILTY (T, = 2A + 2E)
C,. (3m) EX 2C. 3¢ h=6
A, 1 1 1 z x+y%, 2
. ¥ & % |B
E R | 0 | (e, (R R)  (x* =% x¥)(zx, ¥2)
C3v E 2C3 30\/
No. of unshifted atom 3 0 1
Contribution/atom () 1 1 1
Ty 3 0 1

; |
aaviausIngns f = h EXRXIN = Torerching = A1 + E

Hasan T

vibration

=2A +2E .. T

bending

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



