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Symmetry in nature, art and architecture




Symmetry elements & Symmetry operations

ANNINTYAZIU (Symmetry element): JUNTINIUITVIANA LYW A TTUIU WAUKYY 7
AUNAVU NF1NISAN IALAANITNTEYINEUNINT LA

N13N5L9ENNIAT (Symmetry operation): A13NTEMIVUAIN/ING MIVLAANAANS
Junw/dng Ndasesadlufianiamiiowda (@snsagnunviuiulédaiin)

Element Symbol Operation
Proper axis C, Rotation about axis by 360/n °
Symmetry plane (0] Reflection in plane
Improper axis S, 1. Rotation by 360/n °

2. Reflection through plane perpendicular

to rotation axis

Inversion center i Inversion every point (x,y,z) translated to

(-X,-y,-2)

Identity E Doing nothing
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(Symmetry elements & Symmetry operations)

Element Symbol Operation
LAUNYUFNNINT C, NISRYUTBULNUNYU 360/n BIAN
(Proper axis)

FEUNUEUNINT o NSESNOUNIUTZUIU
(Symmetry plane)
AUV UELVDU S 1. NTVHUTDULNUVYY 360/n BIA
(Improper axis) 2. WAIHEVIDUKIUTTUIUNAIRINAULNUNYY
(4 . v Y
IAAULNANEUNINT | g18nnNIn (x,y,z) UEY (-x,-y,-2)
(Inversion center)
o ¢ 1 o
lananwal E n15linserinnIslae Lae
(Identity)
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WAUNYUANNINT (Proper rotation axis): C_
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= CH

CH,CL
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FTUIVANNINT (Plane of symmetry): O
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Symmetry elements & Symmetry operations

laana

l

susheluiana (VSEPR)

l

Uan Symmetry elements LLae Symmetry operations Nanunla

1. Identity = Lainsgsinslag

2. Proper axis (C) = NYUIDULAU 360/n 897

3. Symmetry plane=> ArVIDUNIUTEUIY

4. Improper axis =~ —=> VHUTOURNY 360/n BIA1 W IAENBUNIU O,
5. Inversion — x,y,2) —> (-X,-y,-2)

l

wnaeyin3u (Point group)
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1. HZO
2. XeF4
3. CH

4. CH,CL,

5. PCL,
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ANNINTUURNNIINNGEYNEN (Group theory) NNANAAIER WAZIIENNITNTENA
AINE1T1 “NIINITTNENUIRTUUUABLUBY (successive symmetry operation)”

A X B %58 AB => B(1%") and then A(2"9)
A X B X C %58 ABC = C(1*), B(2"Y) and then A(3™)




>
o)
X

N
U







O X(C,=C, X0, =0,/ = UANUANTIAAUY]

(commutative property)

C,XC,#C, X0, = lLiflgudansaaui

(non-commutative property)
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AQ819 6 ERINIINTEIaNIRsuUURBLlasadluananaaiiy (PH,)
1 ’
1.C,'0, O, G
1 ’
2.(C,'!0) O,

(2)
3.C,(0,0,) H(l)\é/ -

¢,)o,0, = (C'o)0o, = C'(0,0,) = &#uUAN135WUM7

(associate property)
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A uag B WU inverse operation Ay

% AB=FE
** AB = BA
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PAFEANALNYAINUNITNTLYINEUNIASTLUUNNRU
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“prsnennldlunisuanenanisaanninsiauysalluluananiiansaniag”

HAdWSaINNITAMN =

1% operation

: <, C, G,

c EE EC, EC, EG,’
:g C, C,E C,C, C,0, c,0,
g c, C.E G.C, co, 0,0,
A c, G, 'E c'c, o/o, o/o,
E C, o, c,

E E Cz G, GV'

C, C, E G, o,
c, c, GV' E C,
(o (o o) C, E
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waaﬁn%:ﬂ (Point group)
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" C (nquiidiunumyuauunns C )
- fuwnuvyu 1 atin = C

- fuwnuvyu C wagll 0, = C

- Hupunyu C_uagdl 0, = C_
- Tuanaduese waglill i = C,

" D (ngy dihedral = funu C, §143U n WU Lagdaainiuknuman C )
- bWiliio=np,
- 40,=0D,

- unGd:>Dnd
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C.,C ,C  Point group

v v oo
HZO; C2v NH3; C3V
™
P(C6H5)3; C3




# C :C +nO, (WuingInu C )
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Cyy PCly Cl / \Cl
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F._ | .F
Cyy  BrFs (square pyramid) - Br ~p

C., HF CO,HCN H—F C=0 H—C=N
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C.:C +0G, (mwnnu C)
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B(OH)3, planar
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D,D_,,D_ Point group (“ C_+ nC, 1 C.7)

N
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% Dn: Cn + nC2 1 Cn

C, principal axis C,

2+
[Cu(en)z] principal axis

[Co(en),I**
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Dy,  benzene
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Dnd: Cn T nCZ Cn + nGd SY3EAN SZn

H
AN

Dyy  HyC=C=CH,, allene Cm(j:(::‘:g

Dy,  Nilcyclobutadiene), (staggered) Ni

¢

Dsy;  Fe(CsHs), (staggered) TFe

(




Dn 4 VS Dnh

—— s

VAN o—&

C,Hy

D2h

D, point group = Usenaunae C , nC, INNUAUARINAY C_ uag G,

D_, point group = Usenaundg C , nC, ANALNUARINAY C, nO uag S,




Dn 4 VS. Dnh

“Eclipsed”

“Staggered”
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Ceo, & D, Point group “linear molecule”

CO

D

9

OOh

CO; Cop,, HCN; C,
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1. nFUNLAY
B Linear: C,, D,

B Tetrahedral (T ), Octahedral (O,), Icosahedral (I,)

2. laifiviaunu C_uag S,
m E(C), G (C),1(C)

3. ULRNL Sn: 54, 56"“

4.9 C ualilinC, L C_
| hjfl ) (Cn) u Gh (Cnh) - ncyv (Cnv)

5.8C uaziinC, L C_
m Lilingu 6 (D) m o (D) m nG, (D)




Group of Low
Symmetry 7

lNu

Yes
—® | 4, C, G

Group of High
Symmetry 7

Yes
— Tl:l_l Dh_l Ih_l cl:‘:llll_l DCIZII'I

lNu

Highest-Order
Rotational Axis

'

Op ¢

?Esl

Dnh

lcn

Perpendicular
Cz Axes 7

- G
— -

_No o oy

Mo D,

Yes i

Dnd

'

Oh?|—= | 3,7

l"l"ES i‘r’es

No No,




O, point group

Symmetry elements

" E
= 4C C 1
3 4
3 : - L“H“, | Lo C;

| v L

3C, |
| 7 L

3C4 C3 axes

/
" 6C,
= 35,
" 4S5
: 7
L, ) s WD < S G4 and Gy, planes
| | @?’M‘L C..C. C; and Cy4 axes
&
C
= 30, ;
o}l
u 30d P s
o -
: /L -




n1suwaeniniUvasluanalagly “Decision tree”

Y N
c 7
|__"|
Y M
| setect ¢, with |, 0! —|
highest n; then is v
Y| Linear | nC, LC? il
Y Y
' Two or] Oy ? - o,? L
more —|
C i proge o 7]
e n>2? —|
Linear groups i? L 5‘%? N

Cubic groups
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1. HCN 11. CH.CL,

2. H,S 12. SF,

3. BeF, 13. SF,

4. CH, 14. SF.Cl

5. BF, 15. trans-SF,Cl,

6. SiCl, 16. 1,2-dichlocyclopentane
7. PCL 17. cis-PtCLBr,

8. XeF, 18. trans-[Co(NH,),(H,0),1**
9. CH, 19. CH, (staggered)

10. CH.Cl 20. C,H, (eclipsed)




