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OXFORD H i g h e r   E d u c a t i o n 

 

1.  The Groups C1, Cs, Ci 

 
C1 
(1) 

E 

A 1 
 
 
Cs=Ch 
(m) 

E σh

A′ 1 1 x, y, Rz x2, y2, z2, xy 
A″ 1 –1 z, Rx, Ry yz, xz 

 
 
Ci = S2 

(1)  

E i   

Ag 

 

1 1 Rx, Ry, Rz x2, y2, z2, 
 xy, xz, yz 

Au 1 –1 x, y, z  
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OXFORD H i g h e r   E d u c a t i o n 

 

4. The Groups Cnν (n = 2, 3, 4, 5, 6) 
 
C2ν 
(2mm) 

E C2 σν(xz) 
v′σ (yz)   

A1 1 1 1 1 z x2, y2, z2

A2 1 1 –1 –1 Rz xy 
BB1 1 –1 1 –1 x, Ry  xz 
BB2 1 –1 –1 1 y, Rx yz 
 
 
C3ν 
(3m) 

E 2C3 3σν   

A1 1 1  1 z x2 + y2, z2

A2 1 1 –1 Rz  
E 2 –1  0 (x, y)(Rx, Ry) (x2 – y2, 2xy)(xz, yz) 
 
 
C4ν 
(4mm) 

E 2C4 C2 2σν 2σd   

A1 1 1 1 1 1 z x2 + y2, z2

A2 1 1 1 –1 –1 Rz  
BB1 1 –1 1 1 –1  x2 – y2

BB2 1 –1 1 –1 1  xy 
E 2 0 –2 0 0 (x, y)(Rx, Ry) (xz, yz) 
 
 
C5ν E 2C5 2

52C  5σν   

A1 1 1 1 1 z x2 + y2, z2

A2 1 1 1 –1 Rz  
E1 2 2 cos 72° 2 cos 144° 0 (x, y)(Rx, Ry) (xz, yz) 
E2 2 2 cos 144° 2 cos 72° 0  (x2 – y2, 2xy) 
 
 
C6ν 
(6mm) 

E 2C6 2C3 C2 3σν 3σd   

A1 1 1 1 1 1 1 z x2 + y2, z2

A2 1 1 1 1 –1 –1 Rz  
BB1 1 –1 1 –1 1 –1   
BB2 1 –1 1 –1 –1 1   
E1 2 1 –1 –2 0 0 (x, y)(Rx, Ry) (xz, yz)  
E2 2 –1 –1 2 0 0  (x2 – y2, 2xy) 
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5. The Groups Cnh (n = 2, 3, 4, 5, 6) 
 
C2h 
(2/m) 

E C2 I σh   

Ag 1 1 1 1 Rz x2, y2, z2, xy 
BBg 1 –1 1 –1 Rx, Ry xz, yz 
Au 1 1 –1 –1 z  
BBu 1 –1 –1 1 x, y  
 
 
C3h 

( )6
 

E C3 2
3C  σh S3 5

3S   ε = exp (2πi/3) 

A' 1 1 1 1 1 1 Rz x2 + y2, z2

E' 
* *

* *

1 1
1 1

ε ε ε ε
ε ε ε ε

⎧ ⎫⎪ ⎪
⎨ ⎬
⎪ ⎪⎩ ⎭

 (x, y) (x2 – y2, 2xy) 

A'' 1 1 1 –1 –1 –1 z  

E'' 
* *

* *

1 1
1 1

ε ε ε ε
ε ε ε

⎧ ⎫⎪ ⎪
⎨ ⎬
⎪ ⎪⎩ ⎭

− − −
− − −ε

(Rx, Ry) (xz, yz) 

 
 
C4h 
(4/m) 

E C4 C2 3
4C

 
i 3

4S  σh S4   

Ag 1 1 1 1 1 1 1 1 Rz x2 + y2, z2

BBg 1 –1 1 –1 1 –1 1 –1  (x2 – y2, 2xy) 

Eg
1  i 1 i 1   i 1 i
1 i 1  i 1 i 1  i

⎧ ⎫⎪ ⎪
⎨ ⎬
⎪ ⎪⎩ ⎭

− − −
− − − −

−
 (Rx, Ry) (xz, yz) 

Au 1 1 1 1 –1 –1 –1 –1 z  
BBu 1 –1 1 –1 –1 1 –1 1   

Eu
1 i 1 i 1 i 1 i
1 i 1 i 1 i 1 i

⎧ ⎫⎪ ⎪
⎨ ⎬
⎪ ⎪⎩ ⎭

− − − −
− − − −

 (x, y)  
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6. The Groups Dnh (n = 2, 3, 4, 5, 6) 
 
D2h 
(mmm) 

E C2(z) C2(y) C2(x) i σ(xy) σ(xz) σ(yz)   

Ag 1 1 1 1 1 1 1 1  x2, y2, z2

BB1g 1 1 –1 –1 1 1 –1 –1 Rz xy 
BB2g 1 –1 1 –1 1 –1 1 –1 Ry xz 
BB3g 1 –1 –1 1 1 –1 –1 1 Rx yz 
Au 1 1 1 1 –1 –1 –1 –1   
BB1u 1 1 –1 –1 –1 –1 1 1 z  
BB2u 1 –1 1 –1 –1 1 –1 1 y  
BB3u 1 –1 –1 1 –1 1 1 –1 x  
 
 
D3h 

( ) 26 m  
E 2C3 3C2 σh 2S3 3σv   

1A′  1 1 1 1 1 1  x2 + y2, z2

2A′  1 1 –1 1 1 –1 Rz  
E′  2 –1 0 2 –1 0 (x, y) (x2 – y2, 2xy) 

1A′′  1 1 1 –1 –1 –1   

2A′′  1 1 –1 –1 –1 1 z  
E′′  2 –1 0 –2 1 0 (Rx, Ry) (xy, yz) 
 
 
D4h 
(4/mmm) 

E 2C4 C2 22C′  22C ′′  i 2S4 σh 2σv 2σd   

A1g 1 1 1 1 1 1 1 1 1 1  x2 + y2, z2

A2g 1 1 1 –1 –1 1 1 1 –1 –1 Rz  
BB1g 1 –1 1 1 –1 1 –1 1 1 –1  x2 – y2

BB2g 1 –1 1 –1 1 1 –1 1 –1 1  xy 
Eg 2 0 –2 0 0 2 0 –2 0 0 (Rx, Ry) (xz, yz) 
A1u 1 1 1 1 1 –1 –1 –1 –1 –1   
A2u 1 1 1 –1 –1 –1 –1 –1 1 1 Z  
BB1u 1 –1 1 1 –1 –1 1 –1 –1 1   
BB2u 1 –1 1 –1 1 –1 1 –1 1 –1   
Eu 2 0 –2 0 0 –2 0 2 0 0 (x, y)  
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7. The Groups Dnd (n = 2, 3, 4, 5, 6) 
 

D2d = Vd 

( )42 m  
E 2S4 C2 22C′  2σd   

A1 1 1 1 1 1  x2 + y2, z2

A2 1 1 1 –1 –1 Rz  
BB1 1 –1 1 1 –1  x2 – y2

BB2 1 –1 1 –1 1 z xy 
E 2 0 –2 0 0 (x, y) 

(Rx, Ry) 
(xz, yz) 

 
 
D3d 

(3)m
E 2C3 3C2 i 2S6 3σd   

A1g 1 1 1 1 1 1  x2 + y2, z2  
A2g 1 1 –1 1 1 –1 Rz  
Eg 2 –1 0 2 –1 0 (Rx, Ry) (x2 – y2, 2xy) 

(xz, yz) 
A1u 1 1 1 –1 –1 –1   
A2u 1 1 –1 –1 –1 1 z  
Eu 2 –1 0 –2 1 0 (x, y)  
 
 
D4d E 2S8 2C4 3

82S  
C2 24C′  4σd   

A1 1 1 1 1 1 1 1  x2 + y2, z2  
A2 1 1 1 1 1 –1 –1 Rz  
BB1 1 –1 1 –1 1 1 –1   
BB2 1 –1 1 –1 1 –1 1 z  
E1 2 2  0 – 2  –2 0 0 (x, y)  

E2 2 0 –2 0 2 0 0  (x2 – y2, 2xy) 
E3 2 – 2  0 2  –2 0 0 (Rx, Ry) (xz, yz) 
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9. The Cubic Groups 
 

E 4C3 3C2T 
(23) 

2
34C

 

 ε = exp (2πi/3) 

A 1 1 1 1 x2 + y2 + z2

E 
*

*

1 1
1 1

ε ε
ε ε

⎧ ⎫
⎨
⎩ ⎭

(x2 – y2)2z2 – x2 – y2) ⎬  ( 3

T 3 0 0 –1 (x, y, z) 
(Rx, Ry, Rz) 

(xy, xz, yz) 

 
 
Td E 8C3 3C2 6S4

 (43 )m
6σd   

A1 x2 + y2 + z21 1 1 1 1  
A2 1 1 1 –1 –1   
E 2 –1 2 0 0  (2z2 – x2 – y2, 3 (x2 – y2) 
T1 3 0 –1 1 –1 (Rx, Ry, Rz)  
T2 3 0 –1 –1 1 (x, y, z) (xy, xz, yz) 
 
 
Th 
(m3) 

E 4C3 2
34C  

3C2 i 4S6 2
64S  

3σd  ε = exp (2πi/3) 

Ag 1 1 1 1 1 1 1      1  x2 + y2 + z2

Eg

*

* *

1 1 1
1 1 1

ε εε
ε εε ε

⎧ ⎫
⎨ ⎬
⎩ ⎭

* 1
1

ε
  (2z2 – x2 –y2, 

3 (x2 – y2) 

Tg 3 0 0 –1 3 0 0     –1 (Rx, Ry, Rz) (xy, yz, xz) 
Au 1 1 1 1 –1 –1 –1       –1   

Eu

* *

* *

1 1 1
1 1 1

ε εε ε
ε εε ε

1
1

− − −⎧ ⎫−
⎨ ⎬− − −−⎩ ⎭

   

Tu 3 0 0 –1 –3 0 0 1 (x, y, z)  
 
 
O 
(432) 

E 8C3 3C2 6C4 26C′    

A1 1 1 1 1 1  x2 + y2 + z2

A2 1 1 1 –1 –1   
E 2 –1 2 0 0  (2z2 – x2 – y2, 

3 (x2 – y2)) 
T1 3 0 –1 1 –1 (x, y, z) 

(Rx, Ry, Rz) 
 

T2 3 0 –1 –1 1  (xy, xz, yz) 
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11. The Groups C∞v and D∞h  

 

C∞v E C2 2Cφ
∞  …   ∞σv  

A1≡∑+ 1 1 1 … 1 z x2 + y2, z2

A2≡∑– 1 1 1 … –1 Rz  
E1≡Π 2 –2 2 cos φ … 0 (x,y) (Rx,Ry) (xz, yz) 
E2≡Δ 2 2 2 cos 2φ … 0 (x2 – y2, 2xy) 
E3≡Φ 2 –2 2 cos 3φ … 0  

… … … … … …  
… … … … … …  

 
 
D∞h E 2Cφ

∞  … ∞σv i 2Sφ
∞  … ∞C2   

g
+Σ  1 1 … 1 1 1 … 1  x2 + y2, z2

g
−Σ  1 1 … –1 1 1 … –1 Rz  

∏g 2 2 cos φ … 0 2 –2 cos φ … 0 (Rx, Ry) (xz, yz) 
Δg 2 2 cos 2φ … 0 2   2 cos 2φ … 0  (x2 – y2, 2xy) 
          
… … … … … … … … …   

u
+Σ  1 1 … 1 –1 –1 … –1 z  

u
−Σ  1 1 … –1 –1 –1 … 1   

∏u 2 2 cos φ … 0 –2   2 cos φ … 0 (x,y)  
Δu 2 2 cos 2φ … 0 –2 –2 cos 2φ … 0   
… … … … … … … … …   
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Direct Products 
 
1. General rules 
 
(a) For point groups in the lists below that have representations A, B, E, T without subscripts, read 

A1 = A2 = A, etc. 
 
(b) 

 g u   ′ ″ 
g g u  ′ ′ ″ 
u  g  ″  ′ 

 
(c) Square brackets [ ] are used to indicate the representation spanned by the antisymmetrized 

product of a degenerate representation with itself. 
 
 Examples 

For D3h  ×  +  + E E′ E′′ 1A′′ 2A′′
 For D6h E1g × E2g = 2Bg + E1g. 
 
 
2. For C2, C3, C6, D3, D6,C2v,C3v, C6v,C2h, C3h, C6h, D3h, D6h, D3d, S6 

 

 A1 A2 BB1 BB2 E1 E2

A1 A1 A2 BB1 BB2 E1 E2

A2  A1 BB2 BB1 E1 E2 

BB1   A1 A2 E2 E1

BB2    A1 E2 E1 

E1     A1 + [A2]+ E2 BB1 + B2 + E1

E2      A1 + [A2] + E2

 
 
3. For D2 , D2h 

 
 A B1 BB2 BB3

A A B1 BB2 BB3

BB1  A B3 BB2

BB2   A B1

BB3    A 
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	E
	A′
	1
	1
	x, y, Rz
	x2, y2, z2, xy
	A″
	1
	–1
	z, Rx, Ry
	yz, xz
	E
	Rx, Ry, Rz
	x, y, z


	E
	E
	E
	z
	E
	xy
	Z
	E
	E
	E
	i

	E
	z
	E1((
	E
	z
	 
	 Examples 
	A
	A
	A
	A
	A
	A






