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6.1.3  

:
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H2O NH3
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6.1.4 i ( ) î
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6.2 
6.2.1

E A B C… G(
E G A G… ) :

1.
( A G B G AB G)

2. (AB)C = A(BC)
3. E AE = EA = A
4. A A-1 A A-1 = E

G{ E A B C…} G
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6.2.2

C2v  Ê  2Ĉ  xzˆ  yzˆ

 Ê   Ê  2Ĉ  xzˆ  yzˆ

 2Ĉ   2Ĉ  Ê  yzˆ  xzˆ

 xzˆ   xzˆ  yzˆ  Ê  2Ĉ
 yzˆ

  yzˆ  xzˆ  2Ĉ  Ê

h h
(h2 )

h h
( ) ( )
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6.2.3  

•

•

•

•
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Cn Cn C2 n
C2 Cn 360 /2n

Cn+ C2 Cn nC2 Cn

Cn Cn ,
n Cn 360 /2n
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C2n+ h i 
h+i C2n

C2n+i h
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6.2.4 

1.

C4(C2) C4 C6(C3C2) C6

n n C6 , 6C2

2. n n v h d

7
3.
4. S4, S8, S12, ..., S4n

C4 h S4

C6 , 6C2 ,7 , i
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6.3 

•

•
• (

)
• (Schönflies)

6.3.1
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6.3.2 Cn

Cn

1 H2O2 C2 C2

C2 O-O H
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C C C
CH3

HH3C

H

F

Cl
Cl

F

C2

[6]

2,3-
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2 1,1,1-
C3     C3

H3C—CCl3
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9-methylphenalene

CH3
C3

1,5,9-Cyclododecatriene

C4

C7

Cn
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6.3.3 Cnv

Cn+ n v

1 H2O   C2, 2 C2v 

v
C2v

H2S, SO2, NO2 V C2v 
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( ) V C2v

bicyclo[2,2,1]heptane
4-

NNN

Cl
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O O

O

N

( )(1-azabicyclo[2,2,2]octane)

triquinacene

NH3
C3v
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C4v IF5B5H9 CuCO(C5H5) C5v

3
C , C v 

CO HCN

Nankai University http://struchem.nankai.edu.cn

6.3.4 Cnh

Cn + h

1 C2, , i, C2h

C2 , h , i

C2

h
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O

O

1,5-
N

N

C3h

OH

OHHO

C2h

Cn, Cnv, Cnh
( Cyclic point group)
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6.3.5 Dn

Cn+ nC2 Cn

: C3 3C2 D3

C2 C-C H
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Co
N

N

N

N

N

N

(twistane) 
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6.3.6 Dnh

Cn+ nC2 Cn + h

1. 3C2 , 3 , i D2h
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( ) 1,4-

( ) (Pagodane) (diasterane)
D2h
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D3h

N

N

PCl5

(iceane)
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3. C6 , 6C2 , 7 , i D6h
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4.

: C , C2, ( h+ v), i D h

CO2

Cl2
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PtCl4
2-

Dnh

(pentaprismane) (tetraasterane) 

(coronene) 

( )
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S

S S

S

SS

S

S

U

D8h

Sulflower
Uranocene
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6.3.7 Dnd

Cn+ nC2 Cn + d

1. S4, 2C2, 2 D2d
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Cl

Cl
Cl

Cl

spiro[2,2]pentane

Tetraphenylene
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2 ( )
C3, 3C2, 3 , i D3d 
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S8    D4d D5d

Dn Dnh Dnd
(Dihedral point group) 

( )
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6.3.8 Sn

Sn

.  1,3,5,7 S4 S4
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Sn

N

N

N

N

Cl

Cl

Cl

Cl

(3- )
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C3i

C3i C3+i S6

[6,5]
(coronane) 
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6.3.9 Td
4C3, 3S4, 6
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Td 

N
N

N

N

(H3C)3C

C(CH3)3(H3C)3C

C(CH3)3
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Th
4C3 + 3C2  + h( i)

4C3 3C2 3 h i

[Co(NO2)6]3 [FePy6]2+
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Td T Th (Tetrahedral Point Groups) 

T 
4C3 3C2
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6.3.10 Oh
3C4, 4C3, 6C2, 9 , i

SF6

O 3C4, 4C3, 6C2

Oh O (Octahedral Point Groups) 
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6.3.11 Ih
6C5, 10C3, 15C2, 15 , i

(Dodecahedrane) 
C60

B12H12
2

(Icosahedral Point Groups) 
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6.3.12 Cs 

bicyclo[2,2,1]-2-heptene 
2-
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6.3.13 Ci
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6.3.14 C1

C1
C1

Cs Ci C1

Cs Ci C1

2-CHFClBr 
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6.3.15  

Cn

i Ci

Cs

C1

nC2 CnhDnh
dDnd

Dn

hCnh
vCnv
S4S4

C3+iC3i

Cn

i
  hD

  vC
Cn(n>2) C5 i Ih

I
C4 i Oh( )

O
i Th
S4 Td( )

T
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(1) i D h C v

(2) ( )

(3)
Cs Ci C1

(4) C2

h Dnh

h Cn
Dnd Dn

(5) h
Cnh v Cnv
Cn S4 C3i (

) Cn
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1.

2. C2

3. h:

C6

D6h
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1.
2. :
3. C2 C3
4. h :
5. d :

C3
C2

d

C3

D3d

Nankai University http://struchem.nankai.edu.cn

n = 2 3 4 5 6 
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6.3.16  2D

C

C
C

C

C
C

C2

d

Co3+ C2

N
N

N

N

N
N

Co3+
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C2

dS

S

S S
S

S
SS

C

C

C C
C

C
CC

C2

d

C

C

C C
C

C
CC

S8

1,3,5,7-
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Molecule Projection Symmetry Elements Point 
Group 

CCC
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H

H

H

 H

H

HH d

C2

C2(S4), 2C2, 2 d D2d 

CCC
Cl

H

H

H

 Cl
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HH  Cs 

CCC
Cl

Cl

H

H

 Cl

Cl

HH
v C2, 2 v C2v 

CCC
H

Cl

Cl

H

 
H

Cl

ClH

C2

C2 C2 
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Molecule Projection Symmetry Elements Point Group

H

H

H

H

HH

 
ethane(partial staggered)

H

H

H

H

HH

C2

 

C3, 3C2  D3 

H

HH
H

HH
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H

HH
H

HH
C2

d

C3, 3C2, 3 d, i D3d 

Fe

 
C2

dC

C C

C

C

C

C

C

CC

C5, 5C2,5 d, i D5d 

H
C

H
C

H

H

 H

H

H

H

C2, v 3C2, h, 2 v, i D2h 

C C
H

H

H

HHH
 

ethane(eclipsed) 

H(H)

H(H)(H)H

C2, v

C3, 3C2, h, 3 v, D3h 

Pt
ClCl

ClCl

2-
Cl

Cl

Cl

Cl

C2, v C4, 4C2, h, 4 v, i D4h 

Fe

 
C2, v

C

C C

C

C

(C)

(C)

(C) (C)

(C)
 c 

C5, 5C2, h, 5 v, D5h 

 
C2, v

C

C
C

C

C
C

C6, 6C2, h, 6 v, i D6h 
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6.4 
6.6.1 
• 1. 
• 2. 
• 3. 

• 4. 

Cn( C1) Cs Cnv
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6.4.2 

i S4

Cn Dn T(4C3, 3C2)  
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6.5.1

6.5 

• G H
H G H G

H G

321
2
33 ˆ,ˆ,ˆ,ˆ,ˆ,ˆ CCEC3v 6

3 (C3 ) 2
33

ˆ,ˆ,ˆ CCE
2 (Cs ) ˆ,Ê

1 (C1 ) Ê
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• A B G X
X 1A X = B A B
X 1A X

A B B C A C

C3v 321
2
33 ˆ,ˆ,ˆ,ˆ,ˆ,ˆ CCE 3

Ê
2
33

ˆ,ˆ CC
321 ˆ,ˆ,ˆ

• G{R1, R2, …, Rn} G {R 1, R 2, …, R n}
(R1 R 1, R2 R 2, …, Rn R n,)
(RiRj = Rk R iR j = R k Rk R k,) G G

G G
• G G

G G G G
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6.5.2 

(x, y, z) (x', y', z')

( )
x x

D T y y
z z

• D(T)
x, y, z

• +1
-1

Nankai University http://struchem.nankai.edu.cn

(1)

100
010
001

Ê
z
y
x

z
y
x

100
010
001

(2) 
1 0 0

0 1 0
0 0 1

x x
y y
z z 100

010
001

î

(3) xy x,y z

z
y
x

z
y
x

100
010
001

100
010
001

ˆ xy

(4) z
cos sin 0
sin cos 0
0 0 1

x x
y y
z z

cos sin 0
ˆ sin cos 0

0 0 1
nC
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(5) 
xy z

cos sin 0
ˆ sin cos 0

0 0 1
nS

cos sin 0
sin cos 0
0 0 1

x x
y y
z z

a

b
c

x

y

100
010
001

Ê
3

1 2 3 2 0
ˆ 3 2 1 2 0

0 0 1
C 2

3

1 2 3 2 0
ˆ 3 2 1 2 0

0 0 1
C

1 0 0
ˆ 0 1 0

0 0 1
a

1 2 3 2 0
ˆ 3 2 1 2 0

0 0 1
b

1 2 3 2 0
ˆ 3 2 1 2 0

0 0 1
c

C3v : (x, y, z ) :

• 6 C3v
C3v
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6.5.2 
•

(X 1AX)

• A

C3v

11 12
11 12

21 22 33 1 2
21 22

33

0
( ) 0 ( ) ( )

0 0

a a a aR a a a R Ra aa

• (R) : R:
• 1(R) 2(R) 1(R)

2(R) , 1(R) 2(R) 
•
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C3v 3 3 1 2 3
2

3 3
ˆ ˆˆ ˆ ˆ ˆ{ }, { , }, { , , }a b cE C C

C3v  Ê   3Ĉ   2
3Ĉ  ˆa  ˆb  ˆc  

1 (1) (1) (1) (1) (1) (1) 
2 (1) (1) (1) ( 1) ( 1) ( 1) 

3 
1 0
0 1

1 2 3 2
3 2 1 2

1 2 3 2
3 2 1 2

 1 0
0 1

1 2 3 2
3 2 1 2

1 2 3 2
3 2 1 2

C3v

( ) ( )

C3v  Ê   3Ĉ   2
3Ĉ  ˆa  ˆb  ˆc

1 1 1 1 1 1 1 
2 1 1 1 1 1 1
3 2 1 1 0 0 0 
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: 
(1) 

C3v  Ê   3Ĉ   2
3Ĉ  ˆa  ˆb  ˆc

1 1 1 1 1 1 1 
2 1 1 1 1 1 1
3 2 1 1 0 0 0 

(2) 

ii lE)ˆ(i (E) li 
2ˆ( )i

i
E h

C3v
2 2 2 2

1 2 3
ˆ ˆ ˆ ˆ( ) ( ) ( ) ( ) 1 1 2 6i

i
E E E E

(3) 
(4) 

C3v 1
2 2 2 2 2 2 2 2

1 1 3 1 3 1 1 1
ˆ ˆˆ( ) ( ) ( ) ( ) ( ) ( ) ( ) 6i a b c

R
R E C C
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C3v

C3v E 2C3 3 v   
A1 1 1 1 z x2+y2, z2 
A2 1 1 1 Rz  
E 2 1 1 (x,y),(Rx,Ry) (x2 y2,xy), (xz,yz)

(a)  (b)  (c) (d) 

(a)
(1) A B E T
(2) Cn 2 /n ( (Cn)=1) A

( (Cn) = 1) B
(3) A B 1 2 Cn C2

( 1) ( 2) C2
E T 1,2

(4) i g u
(5) h

Nankai University http://struchem.nankai.edu.cn

C3v

C3v E 2C3 3 v   
A1 1 1 1 z x2+y2, z2 
A2 1 1 1 Rz  
E 2 1 1 (x,y),(Rx,Ry) (x2 y2,xy), (xz,yz)

(a)  (b)  (c) (d) 

• (b)
2C3 3 v

E
• (c) x, y, z x, y, z Rx, Ry, Rz

( )
• (d)

zyx ppp ,, x, y, z x, y, z
( , )

x yp p E ( )
zp A1
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6.5.3 
1. 

E
ˆ ˆ ˆ ˆHR RH

H

ˆ ˆ ˆ ˆ ˆ ˆH R RH RE E R

R̂

i (R) 1 1

E k k i(i=1,2,…,k)
i

11 12 11 1

2 21 22 2 2

1 2

ˆ
k

k

k kk k kk

r r r
r r rR

r r r
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•

2. 

i j Sij Hij

(SALC  symmetry adapted linear 
combinations) ( ) 

SALC —
j

( ) 1ˆ ˆ( )j
j

R
P R R

h
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i

(1)
:C2v C2h C2

C2 E C2   
A 1 1 z , Rz x2, y2, z2,xy 
B 1 1 (x,y),(Rx,Ry) yz, xz 

(2)

1 1 1 1

2 2 2 2

3 33 3

4 4
4 4

ˆ 1 0 0 0
ˆ 0 1 0 0ˆ
ˆ 0 0 1 0

0 0 0 1ˆ

E
E E
E
E

2 1 4 1 1

2 2 3 2 2
2

3 32 3 2

4 4
2 4 1

ˆ 0 0 0 1
ˆ 0 0 1 0ˆ
ˆ 0 1 0 0

1 0 0 0ˆ

C
C C
C
C

(E)=4 (C2)=0
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(3)
= 2 A + 2 B

(4)
(SALC)

C2 E C2   
A 1 1 z , Rz x2, y2, z2,xy 
B 1 1 (x,y),(Rx,Ry) yz, xz 

A 1 1 1 2 2 1 1 4
ˆˆ ˆ ˆ( ) ( ) ( )A

A A A
R

P R R E E C C

2 2 3
ˆ AP

3 3 2
ˆ AP

4 4 1
ˆ AP

A :  1+ 4 2+ 3

B :  1 4 2 3
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4 1 4
1
2A

2 3
1
2A

1 4
1
2B

2 3
1
2B

i j Hij=0 Sij=0, 
:

1 2 3 4A A B Bc c c c

( )

0 0
0 0

0 0
0 0

0

AA AA

AA A A

BB BB

BB B B

AA AA BB BB

AA A A BB BB

H E H
H H E

H E H
H H E

H E H H E H
H H E H H E

HMO :
HAA= 
HAA = 
HA A = +
HBB= 
HAA = 
HB B = 

0AA AA

AA A A

H E H E
H H E E


