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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 

2 



2. The Groups Cn  (n = 2, 3,…,8)

C2 
(2) 

E C2

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

C3 
(3) 

E C3 2
3C ε = exp (2πi/3) 

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

E 
*

*

1
1

H H
H H

­ ½
®
¯ ¿

¾  (x, y)(Rx, Ry) (x2 – y2, 2xy)(yz, xz) 

C4 
(4)

E C4 C2 3
4C

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

B 1 –1 1 –1 x2 – y2, 2xy 

E 
1  i 1 i
1 i 1  i
­ ½° °
® ¾
° °¯ ¿

� �
� � (x, y)(Rx, Ry) (yz, xz) 

C5 E C5 2
5C 3

5C 4
5C ε = exp(2πi/5) 

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

E1

2 *2 *

* *2 2

1
1

H H H H
H H H H

­ ½
®
¯ ¿

¾  (x,y)(Rx, Ry) (yz, xz) 

E2

2 * *2

**2 2

1
1

HH H H
HH H H

­ ½
®
¯ ¿

¾  (x2 – y2, 2xy) 

C6 
(6) 

E C6 C3 C2 2
3C 5

6C ε = exp(2πi/6) 

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

B 1 –1 1 –1 1 –1

E1

* *

* *

1 1
1 1

H H H H
H H H H

�­ ½� �
® ¾�� �¯ ¿

(x, y) 
(Rz, Ry) 

(xy, yz)

E2

* *

*

1 1
1 1 *

H H H H
H H H

­ ½� � � �
® ¾

� � � �¯ ¿H
(x2 – y2, 2xy) 

� 



2. The Groups Cn  (n = 2, 3,…,8) (cont..)

C7 E C7 2
7C 3

7C 4
7C 5

7C 6
7C ε = exp (2πi/7) 

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

E1

2 3 *3 *2 *

* *2 *3 3 2

1
1

H H H H H H
H H H H H H

­ ½
® ¾
¯ ¿

(x, y) 
(Rx, Ry) 

(xz, yz) 

E2

2 *3 * 3 *2

*2 3 * *3 2

1
1

H H H H H H
H H H H H H

­ ½
® ¾
¯ ¿  (x2 – y2, 2xy) 

E3

3 * 2 *2 *3

**3 *2 2 3

1
1

HH H H H H
HH H H H H

­ ½
® ¾
¯ ¿  

C8 E C8 C4 C2 3
4C 3

8C 5
8C   7

8C ε = exp (2πi/8) 

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

B 1 –1 1 1 1 –1 –1   –1

E1

* *

*

1   i 1 i
1 i 1  i *

H H H H
H H H H

� �­ ½� �
® ¾� � � �¯ ¿

(x, y) 
(Rx, Ry) 

(xz, yz)

E2

1  i 1 1 1 i   i i
1 i 1 1 1  i i  i

� � �­ ½
® ¾� � � �¯ ¿

�
(x2 – y2, 2xy) 

E3

* *

* *

1   i 1 i
1 i 1  i

H H H H
H H H H

� �­ ½� �
® ¾� �� �¯ ¿

� 



3. The Groups Dn (n = 2, 3, 4, 5, 6)

D2 
(222) 

E C2(z) C2(y) C2(x) 

A 1 1 1 1 x2, y2, z2

BB1 1 1 –1 –1 z, Rz xy 
BB2 1 –1 1 –1 y, Ry xz 
BB3 1 –1 –1 1 x, Rx yz 

D3 
(32) 

E 2C3 3C2

A1 1 1 1 x2 + y2, z2

A2 1 1 –1 z, Rz

E 2 –1 0 (x, y)(Rx,, Ry) (x2 – y2, 2xy) (xz, yz) 

D4 
(422) 

E 2C4 2
2 4(C C ) 2C2

' 2C2
"

A1 1 1 1 1 1 x2 + y2, z2

A2 1 1 1 –1 –1 z, 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) 

D5 E 2C5 2
52C 5C2

A1 1 1 1 1 x2 + y2, z2

A2 1 1 1 –1 z, Rz

E1 2 2 cos 72º 2 cos 144° 0 (x, y)(Rx, Ry) (xz, yz) 
E2 2 2 cos 144º 2 cos 72° 0 (x2 – y2, 2xy) 

D6 
(622) 

E 2C6 2C3 C2 23Cc 23Ccc

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

A2 1 1 1 1 –1 –1 z, 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) 

� 



4. The Groups Cnν (n = 2, 3, 4, 5, 6)

C2ν
(2mm) 

E C2 σν(xz) 
vcV (yz) 

A1 1 1 1 1 z x2, y2, z2

A2 1 1 –1 –1 Rz xy 
B B1 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) 

� 



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

H H H H
H H H H

­ ½° °
® ¾
° °¯ ¿

(x, y) (x2 – y2, 2xy) 

A'' 1 1 1 –1 –1 –1 z 

E'' 
* *

* *

1 1
1 1

H H H H
H H H

­ ½° °
® ¾
° °¯ ¿

� � �
� � �H

(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
­ ½° °
® ¾
° °¯ ¿

� � �
� � � �

�
(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
­ ½° °
® ¾
° °¯ ¿

� � � �
� � � �

(x, y) 

� 



5. The Groups Cnh (n = 2, 3, 4, 5, 6) (cont…)

C5h E C5
2
5C 3

5C 4
5C  Vh S5 7

5S 3
5S 9

5S ε = exp(2Si/5) 

Ac 1 1 1 1 1 1 1 1 1 1 Rz x2+y2, z2

1Ec
2 *2 * 2 *2 *

** *2 2 *2 2

1 1
1 1

HH H H H H H H
HH H H H H H H

­ ½
® ¾
¯ ¿

 (x, y) 

2Ec
2 * *2 2 * *2

*2 * 2 *2 * 2

1 1
1 1

H H H H H H H H
H H H H H H H H

­ ½
® ¾
¯ ¿

 z (x2 – y2, 2xy) 

Acc  1 1 1 1 1 –1 –1 –1 –1 –1

1Ecc  
2 *2 * 2 *2 *

** *2 2 *2 2

1 1
1 1

HH H H H H H H
HH H H H H H H

� �­ ½� � �
® ¾� � � � �¯ ¿

 (Rx, Ry) (xz, yz) 

2Ecc  
2 * *2 2 * *2

*2 * 2 *2 * 2

1 1
1 1

H H H H H H H H
H H H H H H H H

�­ ½� � � �
® ¾� � � � �¯ ¿

 

C6h

(6/m) 
E C6 C3 C2 2

3C 5
6C i 5

3S 5
6S Vh S6 S3 ε = exp(2Si/6) 

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

BBg 1 –1 1 –1 1 –1 1 –1 1 –1 1 –1 (Rx, Ry) (xz, yz) 

E1g

* * * *

* ** *

1 1 1 1
1 1 1 1

H HH H H H H
H H

H
H H H H H

� � � �­ ½� �
® ¾� � � �� �¯ ¿H

*

  

E2g

* * * *

** *

1 1 1 1
1 1 1 1

HH H H H H H
H

H
H H H H H H

�­ ½� � � � � � �
® ¾�� � � � � � �¯ ¿H (x2 – y2, 2xy) 

Au 1 1 1 1 1 1 –1 –1 –1 –1 –1 –1 Z

BB

*

u 1 –1 1 –1 1 –1 –1 1 –1 1 –1 1

E1u

* * *

* ** *

1 1 1 1
1 1 1 1

H HH H H H H
H H

H
H H H H H

� � �­ ½� �
® ¾� � �� �¯ ¿H

�
�

*

*

(x, y)  

E2u

* * *

** *

1 1 1 1
1 1 1 1

HH H H H H H H
HH H H H H H H
� � �­ ½� � �

® ¾� � �� � �¯ ¿  

� 



6. The Groups Dnh (n = 2, 3, 4, 5, 6)

D2h
(mmm) 

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

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

BB1g 1 1 –1 –1 1 1 –1 –1 Rz xy 
B B2g 1 –1 1 –1 1 –1 1 –1 Ry xz 
B B3g 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 
B B2u 1 –1 1 –1 –1 1 –1 1 y 
B B3u 1 –1 –1 1 –1 1 1 –1 x 

D3h

� � 26 m

E 2C3 3C2 Vh 2S3 3Vv

1Ac 1 1 1 1 1 1 x2 + y2, z2

2Ac  1 1 –1 1 1 –1 Rz

Ec 2 –1 0 2 –1 0 (x, y) (x2 – y2, 2xy) 
1Acc  1 1 1 –1 –1 –1

2Acc  1 1 –1 –1 –1 1 z 
Ecc  2 –1 0 –2 1 0 (Rx, Ry) (x], yz) 

D4h
(4/mmm) 

E 2C4 C2 22Cc  22C cc  i 2S4 Vh 2Vv 2Vd

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 
B B2u 1 –1 1 –1 1 –1 1 –1 1 –1
Eu 2 0 –2 0 0 –2 0 2 0 0 (x, y) 

��� 



6. The Groups Dnh (n = 2, 3, 4, 5, 6) (cont…)

D5h E 2C5
2
52C 5C2 Vh 2S5 3

52S 5Vv

1Ac  1 1 1 1 1 1 1 1 x2 + y2, z2

2Ac  1 1 1 –1 1 1 1 –1 Rz

1Ec 2 2 cos 72q 2 cos 144q 0 2 2 cos 72q 2 cos 144q 0 (x, y) 

2Ec 2 2 cos 144q 2 cos 72q 0 2 2 cos 144q 2 cos 72q 0 (x2 – y2, 2xy) 

1Acc  1 1 1 1 –1 –1 –1 –1

2Acc  1 1 1 –1 –1 –1 –1 1 z

1Ecc  2 2 cos 72q 2 cos 144q 0 –2 –2 cos 72q –2 cos 144q 0 (Rx, Ry) (xy, yz) 

2Ecc  2 2 cos 144q 2 cos 72q 0 –2 –2 cos 144q –2 cos 72q 0 

D6h 
(6/mmm) 

E 2C6 2C3 C2 23Cc  23Ccc i 2S3 2S6 Vh 3Vd 3Vv

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

A2g 1 1 1 1 –1 –1 1 1 1 1 –1 –1 Rz

BB1g 1 –1 1 –1 1 –1 1 –1 1 –1 1 –1
BB2g 1 –1 1 –1 –1 1 1 –1 1 –1 –1 1 
E1g 2 1 –1 –2 0 0 2 1 –1 –2 0 0 (Rx – Ry) (xz, yz) 
E2g 2 –1 –1 2 0 0 2 –1 –1 2 0 0 (x2 – y2, 2xy) 
A1u 1 1 1 1 1 1 –1 –1 –1 –1 –1 –1
A2u 1 1 1 1 –1 –1 –1 –1 –1 –1 1 1 z 
BB1u 1 –1 1 –1 1 –1 –1 1 –1 1 –1 1 
BB2u 1 –1 1 –1 –1 1 –1 1 –1 1 1 –1
E1u 2 1 –1 –2 0 0 –2 –1 1 2 0 0 (x, y) 
E2u 2 –1 –1 2 0 0 –2 1 1 –2 0 0 

�� 



7. The Groups Dnd (n = 2, 3, 4, 5, 6)

D2d = Vd 

� �42 m
E 2S4 C2 22Cc  2Vd

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 3Vd

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 24Cc  4Vd

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) 

�� 



7. The Groups Dnd (n = 2, 3, 4, 5, 6) (cont..)

D5d E 2C5
2
52C 5C2 i 3

102S 2S10 5Vd

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

A2g 1 1 1 –1 1 1 1 –1 Rz

E1g 2 2 cos 72q 2 cos 144q 0 2 2 cos 72q 2 cos 144q 0 (Rx, Ry) (xy, yz) 
E2g 2 2 cos 144q 2 cos 72q 0 2 2 cos 144q 2 cos 72q 0 (x2 – y2, 2xy) 
A1u 1 1 1 1 –1 –1 –1 –1
A2u 1 1 1 –1 –1 –1 –1 1 z 
E1u 2 2 cos 72q 2 cos 144q 0 –2 –2 cos 72q –2 cos 144q 0 (x, y) 
E2u 2 2 cos 144q 2 cos 72q 0 –2 –2 cos 144q –2 cos 72q 0 

D6d E 2S12 2C6 2S4 2C3 5
122S C2 26Cc 6Vd

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

A2 1 1 1 1 1 1 1 –1 –1 Rz

BB1 1 –1 1 –1 1 –1 1 1 –1
BB2 1 –1 1 –1 1 –1 1 –1 1 z

E1 2 3 1 0 –1
– 3 –2 0 0 (x, y) 

E2 2 1 –1 –2 –1 1 2 0 0 (x2 – y2, 2xy) 
E3 2 0 –2 0 2 0 –2 0 0 
E4 2 –1 –1 2 –1 –1 2 0 0 
E5 2 

– 3 1 0 –1 3 –2 0 0 (Rx, Ry) (xy, yz) 

�2 



8. The Groups Sn (n = 4, 6, 8)

S4 

(4)  
E S4 C2 3

4S

A 1 1 1 1 Rz x2 + y2, z2

B 1 –1 1 –1 z (x2 – y2, 2xy) 

E 
1 i 1
1 i 1

� �­ ½
® � �¯ ¿

i
i¾  (x, y) (Rx, Ry) (xz, yz) 

S6 

(3)  
E C3 2

3C i 5
6S S6 H = exp (2Si/3) 

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

Eg

* *

*

1 1
1 1 *

H H H H
H H H

­ ½
® ¾
¯ ¿H

(Rx, Ry) (x2 – y2, 2xy) (xy, yz) 

Au 1 1 1 –1 –1 –1 z 

Eu

* *

* *

1 1
1 1

H H H H
H H H

­ ½
® ¾
¯ ¿H

(x, y) 

S8 E S8 C4 3
8S C2 5

8S 3
4C 7

8S H = exp (2Si/8) 

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

B 1 –1 1 –1 1 –1 1 –1 z 

E1

* *

* *

1   i 1 i
1 i 1 i

H H H H
H H H

� �­ ½� �
® ¾� �� �¯ ¿H

i

(x, y) 

E2

1 i 1 i 1 i 1 i
1 i 1 i 1 i 1

� � � �­ ½
® ¾� � � �¯ ¿ (x2 – y2, 2xy) 

E3

* *

* *

1 i 1   i
1 i 1 i

H H H H
H H H

� �­ ½� �
® ¾� �� �¯ ¿H (Rx, Ry) (xy, yz)

�� 



9. The Cubic Groups

E 4C3 3C2T 
(23) 

2
34C H = exp (2Si/3) 

A 1 1 1 1 x2 + y2 + z2

E 
*

*

1 1
1 1

H H
H H

­ ½
®
¯ ¿

(x2 – y2)2z2 – x2 – y2) ¾ ( 3

T 3 0 0 –1 (x, y, z) 
(Rx, Ry, Rz) 

(xy, xz, yz) 

Td E 8C3 3C2 6S4

 (43 )m
6Vd

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  
3Vd H = exp (2Si/3) 

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

Eg

*

* *

1 1 1
1 1 1

H HH
H HH H

­ ½
® ¾
¯ ¿

* 1
1

H
 (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

H HH H
H HH H

1
1

� � �­ ½�
® ¾� � ��¯ ¿

Tu 3 0 0 –1 –3 0 0 1 (x, y, z) 

O 
(432) 

E 8C3 3C2 6C4 26Cc

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) 

�� 



9. The Cubic Groups (cont…)

Oh
(m3m) 

E 8C3 6C2 6C4 3C2 
2
4( )C 

i 6S4 8S6 3Vh 6Vd

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
Eg 2 –1 0 0 2 2 0 –1 2 0 (2z2 – x2 –y2, 

3 (x2 – y2)) 
T1g 3 0 –1 1 –1 3 1 0 –1 –1 (Rx, Ry, Rz) 
T2g 3 0 1 –1 –1 3 –1 0 –1 1 (xy, xz, yz) 
A1u 1 1 1 1 1 –1 –1 –1 –1 –1
A2u 1 1 –1 –1 1 –1 1 –1 –1 1
Eu 2 –1 0 0 2 –2 0 1 –2 0
T1u 3 0 –1 1 –1 –3 –1 0 1 1 (x, y, z) 
T2u 3 0 1 –1 –1 –3 1 0 1 –1

�� 



10. The Groups I, Ih 

I E 12C5 2
512C 20C3 15C2 1

21

2
1 5Kr § · r¨ ¸
© ¹

 

A 1 1 1 1 1 x2+y2+z2

T1 3 K+ K� 0 –1 (x, y, z) 
(Rx, Ry, Rz) 

T2 3 K� K+ 0 –1
G 4 –1 –1 1 0
H 5 0 0 –1 1 (2z2 – x2 – y2, 

3 (x2 – y2) 
xy, yz, zx)

Ih E 12C5 2
512C 20C3 15C2 i 12S10 3

1012S 20S6 15V 1
21

2
1 5Kr § · r¨ ¸
© ¹

 

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

T1g 3 K+ K� 0 –1 3 K� K+ –1 –1 (Rx,Ry,Rz) 
T2g 3 K� K+ 0 –1 3 K+ K� 0 –1
Gg 4 –1 –1 1 0 4 –1 –1 1 0 
Hg 5 0 0 –1 1 5 0 0 –1 1 (2z2 – x2 – y2, 

3 (x2 – y2)) 
(xy, yz, zx) 

Au 1 1 1 1 1 –1 –1 –1 –1 –1
T1u 3 K+ K� 0 –1 –3 K� K+ 0 1 (x, y, z) 
T2u 3 K� K+ 0 –1 –3 K+ K� 0 1 
Gu 4 –1 –1 1 0 –4 1 1 –1 0 
Hu 5 0 0 –1 1 –5 0 0 1 –1
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11. The Groups C∞v and D∞h

C∞v E C2 2CI
∞  …   ∞Vv

A1{¦+ 1 1 1 … 1 z x2 + y2, z2

A2{¦– 1 1 1 … –1 Rz

E1{3 2 –2 2 cos I … 0 (x,y) (Rx,Ry) (xz, yz) 
E2{' 2 2 2 cos 2I … 0 (x2 – y2, 2xy) 
E3{) 2 –2 2 cos 3I … 0

… … … … … …
… … … … … …

D∞h E 2CI
∞  } ∞Vv i 2SI

∞
… ∞C2

g
�6 1 1 … 1 1 1 … 1 x2 + y2, z2

g
�6 1 1 … –1 1 1 … –1 Rz

�g 2 2 cos I … 0 2 –2 cos I … 0 (Rx, Ry) (xz, yz) 
'g 2 2 cos 2I … 0 2   2 cos 2I … 0 (x2 – y2, 2xy) 

… … … … … … … … … 

u
�6 1 1 … 1 –1 –1 … –1 z

u
�6 1 1 … –1 –1 –1 … 1

�u 2 2 cos I … 0 –2   2 cos I … 0 (x,y) 
'u 2 2 cos 2I … 0 –2 –2 cos 2I … 0 
… … … … … … … … … 
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12. The Full Rotation Group (SU2 and R3)

( )

1sin
2 0( ) 1sin

2
2 +1 0

j

j

j

­ § ·� I¨ ¸° © ¹° I zF I  ® I°
°

I  ¯

 

Notation : Representation labelled *(j) with j = 0,1/2, 1, 3/2,…∞, for R3 j is confined to integral 
values (and written l or L) and the labels S { *(0), P {*(1), D {*(2), etc. are used. 
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