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H2O
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 (Plane of symmetry):  (Plane of symmetry): 
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 (mirror image)”
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 (Improper rotation axis): Sn (Improper rotation axis): Sn
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 (Inversion center): i (Inversion center): i

“    (x,y,z)  (project) 
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“Centrosymmetric molecule”
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  (Inversion centre) 
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Element Symbol Operation

 

(Proper axis) 

Cn  360/n 

 

(Symmetry plane)

 

(Improper axis)

Sn 1.  360/n 

2. 

 

(Inversion center)

i  (x,y,z) (-x,-y,-z)

(Identity)

E  

Symmetry elements & Symmetry operations Symmetry elements & Symmetry operations 
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  (symmetry element)

1. H2O
2. XeF4
3. CH4
4. CH2Cl2
5. PCl5
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 VSEPR model VSEPR model
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“  A  B  

 B A  BA  A
 B

 (Group theory)

  (multiplication (successive) symmetry

operation)”

A B  AB B(1st) and then A(2nd)

A B C  ABC C(1st), B(2nd) and then A(3rd)
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  trans-2-butene

32

 Geometrical isomers [Cr(OH2)2(NH3)2Br2]+ (Point group) (Point group)

 

 

1.  2   

 AB = C   A B  C

2.  “commutative”  

 EA = AE = A

3.  “associative law”  (AB)C = A(BC)

= ABC

4.  “inverse”  

 GH = HG = E  G = H-1  H = G-1  G H  E



33

 Cn n>2  2  

Td (  tetrahedral)

Oh (  octahedral)

Ih (  Icosahedral)  B12H12
2-

Td IhOh Oh

Point group:  (Td, Oh, Ih) Point group:  (Td, Oh, Ih) 
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C1 (  C1  E )  CHFClBr

Cs (  E ) phenol

Ci (  E  i )  ClFHC.CHFCl (stagger)

C1 Cs Ci

Point group:  (C1, Cs, Ci) Point group:  (C1, Cs, Ci) 
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C (  Cn)
-  1   Cn
-  Cn h Cnh
-  Cn  v Cnv
-   C V

D (  dihedral   nC2  Cn)
-   Dn
-  h Dnh
-  n d Dnd

S ( -  Sn  n  4  
)

S1 = Cs S2 = Ci Sn (n= ) = Cnh

Point group: Point group: 

36

Cn, Cnv, Cnh Point group

H2O; C2v NH3; C3v

B(OH)3; C3h

“ Cn + n v ”

“ Cn + h ”
P(C6H5)3; C3

“ Cn ”
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C2

C3

Cn Point group: Cn
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Cnv Point group: Cn  n v (  Cn) 
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Cnh Point group: Cn  h (  Cn) 

 n   i

(  Cn)
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Dn, Dnv, Dnh Point group   “Cn + nC2 Cn”

[Cu(en)2]
2+

D2
[Co(en)3]

2+

D3

Dn Point group: Cn + nC2 Cn
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Dnd point group: Cn, nC2 Cn , n d  S2n

42

Dnh point group: Cn, nC2 Cn , h

 n   i
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C2H4; D2h
B2Cl4; D2d

Dnd point group  Cn, S2n, nC2  Cn  n d

Dnh point group  Cn, nC2  Cn  h

Dnd vs. Dnh point group
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Dnd vs. Dnh point group

h

D5d D5h

Fe(C5H5)2
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C v, D h Point group    “linear molecule”

O2; D h CO2; D h

CO; C v HCN; C v

“  i  h ”
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 (Point group) (Point group)
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1.

Linear: C V, D h

Tetrahedral (Td), Octahedral (Oh), Icosahedral (Ih)

2.  Cn  Sn

E (C1), (Cs), I (Ci)

3.  Sn: S4, S6,…

4.  Cn  nC2  Cn

   (Cn) h (Cnh) n v (Cnv)

5.  Cn  nC2  Cn

   (Dn) h (Dnh) n d (Dnd)

 (Point group) (Point group)
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 “Decision tree” “Decision tree”

START

Linear
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1. HCN

2. H2S

3. BeF2

4. C6H6

5. BeF3

6. SiCl4

7. PCl5

8. XeF4

9. CH4

10. CH3Cl

11. CH2Cl2

12. SF6

13. SF5Cl

14. trans-SF4Cl2

15. 1,2-dimethylcyclopentane

16. Au(CN)2
-

17. cis-PtCl2Br2

18. trans-[Co(NH3)4(H2O)2]
2+

19. C2H6 (staggered)

20. C2H6 (eclipsed)


