
A

Point Group Character Tables

Appendix A contains Point Group Character (Tables A.1–A.34) to be used
throughout the chapters of this book. Pedagogic material to assist the reader
in the use of these character tables can be found in Chap. 3. The Schoenflies
symmetry (Sect. 3.9) and Hermann–Mauguin notations (Sect. 3.10) for the
point groups are also discussed in Chap. 3.

Some of the more novel listings in this appendix are the groups with five-
fold symmetry C5, C5h, C5v, D5, D5d, D5h, I, Ih. The cubic point group
Oh in Table A.31 lists basis functions for all the irreducible representations
of Oh and uses the standard solid state physics notation for the irreducible
representations.

Table A.1. Character table for group C1 (triclinic)

C1 (1) E

A 1

Table A.2. Character table for group Ci = S2 (triclinic)

S2 (1) E i

x2, y2, z2, xy, xz, yz Rx, Ry, Rz Ag 1 1
x, y, z Au 1 −1

Table A.3. Character table for group C1h = S1 (monoclinic)

C1h(m) E σh

x2, y2, z2, xy Rz, x, y A′ 1 1
xz, yz Rx, Ry, z A′′ 1 −1
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Table A.4. Character table for group C2 (monoclinic)

C2 (2) E C2

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

xz, yz
(x, y)
(Rx, Ry)

B 1 −1

Table A.5. Character table for group C2v (orthorhombic)

C2v (2mm) E C2 σv σ′
v

x2, y2, z2 z A1 1 1 1 1
xy Rz A2 1 1 −1 −1
xz Ry, x B1 1 −1 1 −1
yz Rx, y B2 1 −1 −1 1

Table A.6. Character table for group C2h (monoclinic)

C2h (2/m) E C2 σh i

x2, y2, z2, xy Rz Ag 1 1 1 1
z Au 1 1 −1 −1

xz, yz Rx, Ry Bg 1 −1 −1 1
x, y Bu 1 −1 1 −1

Table A.7. Character table for group D2 = V (orthorhombic)

D2 (222) E Cz
2 Cy

2 Cx
2

x2, y2, z2 A1 1 1 1 1
xy Rz, z B1 1 1 −1 −1
xz Ry, y B2 1 −1 1 −1
yz Rx, x B3 1 −1 −1 1

Table A.8. Character table for group D2d = Vd (tetragonal)

D2d (42m) E C2 2S4 2C′
2 2σd

x2 + y2, z2 A1 1 1 1 1 1
Rz A2 1 1 1 −1 −1

x2 − y2 B1 1 1 −1 1 –1
xy z B2 1 1 −1 −1 1

(xz, yz)
(x, y)
(Rx, Ry)

E 2 −2 0 0 0

D2h = D2 ⊗ i (mmm) (orthorhombic)
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Table A.9. Character table for group C3 (rhombohedral)

C3(3) E C3 C2
3

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

(xz, yz)
(x2 − y2, xy)

}
(x, y)
(Rx, Ry)

}
E

{
1
1

ω
ω2

ω2

ω

ω = e2πi/3

Table A.10. Character table for group C3v (rhombohedral)

C3v (3m) E 2C3 3σv

x2 + y2, z2 z A1 1 1 1
Rz A2 1 1 –1

(x2 − y2, xy)
(xz, yz)

}
(x, y)
(Rx, Ry)

}
E 2 −1 0

Table A.11. Character table for group C3h = S3 (hexagonal)

C3h = C3 ⊗ σh (6) E C3 C2
3 σh S3 (σhC

2
3 )

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

(x2 − y2, xy) (x, y) E′
{

1
1

ω
ω2

ω2

ω
1
1

ω
ω2

ω2

ω

(xz, yz) (Rx, Ry) E′′
{

1
1

ω
ω2

ω2

ω
−1
−1

−ω
−ω2

−ω2

−ω
ω = e2πi/3

Table A.12. Character table for group D3 (rhombohedral)

D3 (32) E 2C3 3C′
2

x2 + y2, z2 A1 1 1 1
Rz, z A2 1 1 −1

(xz, yz)
(x2 − y2, xy)

}
(x, y)
(Rx, Ry)

}
E 2 −1 0

Table A.13. Character table for group D3d (rhombohedral)

D3d = D3 ⊗ i (3m) E 2C3 3C′
2 i 2iC3 3iC′

2

x2 + y2, z2 A1g 1 1 1 1 1 1
Rz A2g 1 1 −1 1 1 −1

(xz, yz),(x2 − y2, xy) (Rx, Ry) Eg 2 −1 0 2 −1 0

A1u 1 1 1 −1 −1 −1
z A2u 1 1 −1 −1 −1 1
(x, y) Eu 2 −1 0 −2 1 0
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Table A.14. Character table for group D3h (hexagonal)

D3h = D3 ⊗ σh (6m2) E σh 2C3 2S3 3C′
2 3σv

x2 + y2, z2 A′
1 1 1 1 1 1 1

Rz A′
2 1 1 1 1 −1 −1

A′′
1 1 −1 1 −1 1 −1

z A′′
2 1 −1 1 −1 −1 1

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

Table A.15. Character table for group C4 (tetragonal)

C4 (4) E C2 C4 C3
4

x2 + y2, z2 Rz, z A 1 1 1 1
x2 − y2, xy B 1 1 −1 −1

(xz, yz)
(x, y)
(Rx, Ry)

}
E

{
1
1

−1
−1

i
−i

−i
i

Table A.16. Character table for group C4v (tetragonal)

C4v (4mm) E C2 2C4 2σv 2σd

x2 + y2, z2 z A1 1 1 1 1 1
Rz A2 1 1 1 −1 −1

x2 − y2 B1 1 1 −1 1 −1
xy B2 1 1 −1 −1 1

(xz, yz)
(x, y)
(Rx, Ry)

}
E 2 −2 0 0 0

C4h = C4 ⊗ i (4/m) (tetragonal)

Table A.17. Character table for group S4 (tetragonal)

S4 (4) E C2 S4 S3
4

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

(xz, yz)
(x2 − y2, xy)

}
(x, y)
(Rx, Ry)

}
E

{
1
1

−1
−1

i
−i

−i
i

Table A.18. Character table for group D4 (tetragonal)

D4 (422) E C2 = C2
4 2C4 2C′

2 2C′′
2

x2 + y2, z2 A1 1 1 1 1 1
Rz, z A2 1 1 1 −1 −1

x2 − y2 B1 1 1 −1 1 −1
xy B2 1 1 −1 −1 1

(xz, yz)
(x, y)
(Rx, Ry)

}
E 2 −2 0 0 0

D4h = D4 ⊗ i (4/mmm) (tetragonal)
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Table A.19. Character table for group C6 (hexagonal)

C6 (6) E C6 C3 C2 C2
3 C5

6

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

(xz, yz)
(x, y)

(Rx, Ry)

}
E′

{
1
1

ω
ω5

ω2

ω4
ω3

ω3
ω4

ω2
ω5

ω

(x2 − y2, xy) E′′
{

1
1

ω2

ω4
ω4

ω2
1
1

ω2

ω4
ω4

ω2

ω = e2πi/6

Table A.20. Character table for group C6v (hexagonal)

C6v (6mm) E C2 2C3 2C6 3σd 3σv

x2 + y2, z2 z A1 1 1 1 1 1 1
Rz A2 1 1 1 1 −1 −1

B1 1 −1 1 −1 −1 1
B2 1 −1 1 −1 1 –1

(xz, yz)
(x, y)
(Rx, Ry)

}
E1 2 −2 −1 1 0 0

(x2 − y2, xy) E2 2 2 −1 −1 0 0

C6h = C6 ⊗ i (6/m) (hexagonal); S6 = C3 ⊗ i (3) (rhombohedral)

Table A.21. Character table for group D6 (hexagonal)

D6 (622) E C2 2C3 2C6 3C′
2 3C′′

2

x2 + y2, z2 A1 1 1 1 1 1 1
Rz, z A2 1 1 1 1 −1 −1

B1 1 −1 1 −1 1 −1
B2 1 −1 1 −1 −1 1

(xz, yz)
(x, y)
(Rx, Ry)

}
E1 2 −2 −1 1 0 0

(x2 − y2, xy) E2 2 2 −1 −1 0 0

D6h = D6 ⊗ i (6/mmm) (hexagonal)

Table A.22. Character table for group C5 (icosahedral)

C5 (5) E C5 C2
5 C3

5 C4
5

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

(xz, yz)
(x, y)

(Rx, Ry)

}
E′

{
1
1

ω
ω4

ω2

ω3
ω3

ω2
ω4

ω

(x2 − y2, xy) E′′
{

1
1

ω2

ω3
ω4

ω
ω
ω4

ω3

ω2

ω = e2πi/5. Note group C5h = C5 ⊗ σh = S10(10)
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Table A.23. Character table for group C5v (icosahedral)

C5v (5m) E 2C5 2C2
5 5σv

x2 + y2, z2, z3, z(x2 + y2) z A1 1 1 1 1
Rz A2 1 1 1 −1

z(x, y), z2(x, y), (x2 + y2)(x, y)
(x, y)
(Rx, Ry)

}
E1 2 2 cosα 2 cos 2α 0

(x2 − y2, xy), z(x2 − y2, xy),
[x(x2 − 3y2), y(3x2 − y2)] E2 2 2 cos 2α 2 cos 4α 0

α = 2π/5 = 72◦. Note that τ = (1 +
√

5)/2 so that τ = −2 cos 2α = −2 cos 4π/5
and τ − 1 = 2 cosα = 2 cos 2π/5

Table A.24. Character table for group D5 (icosahedral)

D5 (52) E 2C5 2C2
5 5C′

2

x2 + y2, z2 A1 1 1 1 1
Rz, z A2 1 1 1 −1

(xz, yz)
(x, y)
(Rx, Ry)

}
E1 2 2cosα 2cos 2α 0

(x2 − y2, xy) E2 2 2cos 2α 2cos 4α 0

Table A.25. Character table for D5d (icosahedral)

D5d E 2C5 2C2
5 5C′

2 i 2S−1
10 2S10 5σd (h = 20)

A1g +1 +1 +1 +1 +1 +1 +1 +1 (x2 + y2), z2

A2g +1 +1 +1 −1 +1 +1 +1 −1 Rz

E1g +2 τ − 1 −τ 0 +2 τ − 1 −τ 0 z(x+ iy, x− iy)
E2g +2 −τ τ − 1 0 +2 −τ τ − 1 0 [(x+ iy)2, (x− iy)2]

A1u +1 +1 +1 +1 −1 −1 −1 −1
A2u +1 +1 +1 −1 −1 −1 −1 +1 z
E1u +2 τ − 1 −τ 0 −2 1−τ +τ 0 (x+ iy, x− iy)
E2u +2 −τ τ − 1 0 −2 +τ 1−τ 0

Note: D5d = D5 ⊗ i, iC5 = S−1
10 and iC2

5 = S10. Also iC′
2 = σd

Table A.26. Character table for D5h (icosahedral)

D5h (102m) E 2C5 2C2
5 5C′

2 σh 2S5 2S3
5 5σv (h = 20)

A′
1 +1 +1 +1 +1 +1 +1 +1 +1 x2 + y2, z2

A′
2 +1 +1 +1 −1 +1 +1 +1 −1 Rz

E′
1 +2 τ − 1 −τ 0 +2 τ − 1 −τ 0 (x, y), (xz2, yz2),

[x(x2 + y2), y(x2 + y2)]
E′

2 +2 −τ τ − 1 0 +2 −τ τ − 1 0 (x2 − y2, xy),
[y(3x2 − y2), x(x2 − 3y2)]

A′′
1 +1 +1 +1 +1 −1 −1 −1 −1

A′′
2 +1 +1 +1 −1 −1 −1 −1 +1 z, z3, z(x2 + y2)

E′′
1 +2 τ − 1 −τ 0 −2 1−τ +τ 0 (Rx, Ry), (xz, yz)

E′′
2 +2 −τ τ − 1 0 −2 +τ 1−τ 0 [xyz, z(x2 − y2)]

D5h = D5 ⊗ σh
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Table A.27. Character table for the icosahedral group I (icosahedral)

I (532) E 12C5 12C2
5 20C3 15C2 (h = 60)

A +1 +1 +1 +1 +1 x2 + y2 + z2

F1 +3 +τ 1−τ 0 −1 (x, y, z); (Rx, Ry , Rz)
F2 +3 1−τ +τ 0 −1
G +4 −1 −1 +1 0

H +5 0 0 −1 +1

⎧⎪⎪⎪⎨
⎪⎪⎪⎩

2z2 − x2 − y2

x2 − y2

xy
xz
yz

Table A.28. Character table for Ih (icosahedral)

Ih E 12C5 12C2
5 20C3 15C2 i 12S3

10 12S10 20S6 15σ (h = 120)

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

F1g +3 +τ 1−τ 0 −1 +3 τ 1 − τ 0 −1 Rx, Ry, Rz

F2g +3 1−τ +τ 0 −1 +3 1 − τ τ 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

x2 − y2

xy
xz
yz

Au +1 +1 +1 +1 +1 −1 −1 −1 −1 −1
F1u +3 +τ 1−τ 0 −1 −3 −τ τ − 1 0 +1 (x, y, z)
F2u +3 1−τ +τ 0 −1 −3 τ − 1 −τ 0 +1
Gu +4 −1 −1 +1 0 –4 +1 +1 −1 0

Hu +5 0 0 −1 +1 –5 0 0 +1 −1

τ = (1 +
√

5)/2. Note: C5 and C−1
5 are in different classes, labeled 12C5 and 12C2

5

in the character table. Then iC5 = S−1
10 and iC−1

5 = S10 are in the classes labeled
12S3

10 and 12S10, respectively. Also iC2 = σv and Ih = I ⊗ i

Table A.29. Character table for group T (cubic)

T (23) E 3C2 4C3 4C′
3

x2 + y2 + z2 A 1 1 1 1

(x2 − y2, 3z2 − r2) E

{
1
1

1
1

ω
ω2

ω2

ω

(Rx, Ry , Rz)
(x, y, z)
(yz, zx, xy)

}
T 3 −1 0 0

ω = e2πi/3; Th = T ⊗ i, (m3) (cubic)
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Table A.30. Character table for group O (cubic)

O (432) E 8C3 3C2 = 3C2
4 6C′

2 6C4

(x2 + y2 + z2) A1 1 1 1 1 1
A2 1 1 1 −1 −1

(x2 − y2, 3z2 − r2) E 2 −1 2 0 0

(Rx, Ry , Rz)
(x, y, z)

}
T1 3 0 −1 −1 1

(xy, yz, zx) T2 3 0 −1 1 −1

Oh = O ⊗ i, (m3m) (cubic)

Table A.31. Character table for the cubic group Oh (cubic)†

repr. basis functions E 3C2
4 6C4 6C′

2 8C3 i 3iC2
4 6iC4 6iC′

2 8iC3

A+
1 1 1 1 1 1 1 1 1 1 1 1

A+
2

⎧⎨
⎩
x4(y2 − z2)+

y4(z2 − x2)+

z4(x2 − y2)

1 1 −1 −1 1 1 1 −1 −1 1

E+

{
x2 − y2

2z2 − x2 − y2 2 2 0 0 −1 2 2 0 0 −1

T−
1 x, y, z 3 −1 1 −1 0 −3 1 −1 1 0

T−
2 z(x2 − y2) . . . 3 −1 −1 1 0 −3 1 1 −1 0

A−
1

⎧⎨
⎩
xyz[x4(y2 − z2)+

y4(z2 − x2)+

z4(x2 − y2)]

1 1 1 1 1 −1 −1 −1 −1 −1

A−
2 xyz 1 1 −1 −1 1 −1 −1 1 1 −1

E− xyz(x2 − y2). . . 2 2 0 0 −1 −2 −2 0 0 1

T+
1 xy(x2 − y2). . . 3 −1 1 −1 0 3 −1 1 −1 0

T+
2 xy, yz, zx 3 −1 −1 1 0 3 −1 −1 1 0

† The basis functions for T−
2 are z(x2 − y2), x(y2 − z2), y(z2 − x2), for E− are

xyz(x2 − y2), xyz(3z2 − s2) and for T+
1 are xy(x2 − y2), yz(y2 − z2), zx(z2 − x2)

Table A.32. Character table for group Td (cubic)a

Td (43m) E 8C3 3C2 6σd 6S4

x2 + y2 + z2 A1 1 1 1 1 1
A2 1 1 1 −1 −1

(x2 − y2, 3z2 − r2) E 2 −1 2 0 0

(Rx, Ry , Rz)
yz, zx, xy)

}
T1 3 0 −1 −1 1

(x, y, z) T2 3 0 −1 1 −1

a Note that (yz, zx, xy) transforms as representation T1
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Table A.33. Character table for group C∞v

C∞v (∞m) E 2Cφ σv

(x2 + y2, z2) z A1(Σ
+) 1 1 1

Rz A2(Σ
−) 1 1 −1

(xz, yz)
(x, y)
(Rx, Ry)

}
E1(Π) 2 2 cosφ 0

(x2 − y2, xy) E2(Δ) 2 2 cos 2φ 0
...

...
...

...

Table A.34. Character table for group D∞h

D∞h (∞/mm) E 2Cφ C′
2 i 2iCφ iC′

2

x2 + y2, z2 A1g(Σ
+
g ) 1 1 1 1 1 1

A1u(Σ−
u ) 1 1 1 −1 −1 −1

Rz A2g(Σ
−
g ) 1 1 −1 1 1 −1

z A2u(Σ+
u ) 1 1 −1 −1 −1 1

(xz, yz) (Rx, Ry) E1g(Πg) 2 2 cosφ 0 2 2 cosφ 0
(x, y) E1u(Πu) 2 2 cosφ 0 −2 −2 cosφ 0

(x2 − y2, xy) E2g(Δg) 2 2 cos 2φ 0 2 2 cos 2φ 0
E2u(Δu) 2 2 cos 2φ 0 −2 −2 cos 2φ 0
...

...
...

...
...

...
...



B

Two-Dimensional Space Groups

We include in this appendix a summary of the crystallographic symmetries
for all 17 of the 2D space groups, taken from the “International Tables for
X-ray Crystallography” [58].

Table B.1. The two-dimensional oblique space group p1 or #1 (p1)

p1 No. 1 p1 1 Oblique

Number of positions Co-ordinates of Conditions limiting

Wyckoff notation, equivalent positions possible reflections

and point symmetry

1 a 1 x, y General: No conditions
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Table B.2. The two-dimensional oblique space group p2 or #2 (p2111)

p2 No. 2 p2 1 1 2 Oblique

2 e 1 x, y; x̄, ȳ General: No conditions

1 d 2 1
2
, 1

2
Special: No conditions

1 c 2 1
2
, 0

1 b 2 0, 1
2

1 a 2 0, 0

Table B.3. The two-dimensional rectangular space group pm or #3 (p1m1)

pm No. 3 p 1m 1 m Rectangular

Number of positions Co-ordinates of Conditions limiting

Wyckoff notation, equivalent positions possible reflections

and point symmetry

2 c 1 x, y; x̄, y General:
No conditions

1 b m 1
2
, y Special:

1 a m 0, y No conditions
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Table B.4. The two-dimensional space group pg or #4 (p1g1)

pg No. 4 p 1 g 1 m Rectangular

2 a 1 x, y; x̄, 1
2

+ y General:
hk: No conditions
0k: k = 2n

Table B.5. The two-dimensional rectangular space group cm or #5 (c1m1)

cm No. 5 c 1m 1 m Rectangular

Number of positions Co-ordinates of Conditions limiting

Wyckoff notation, equivalent positions possible reflections

and point symmetry (0, 0; 1
2
, 1

2
)+

4 b 1 x, y; x̄, y General:
hk: h+ k = 2n

2 a m 0, y Special:
as above only
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Table B.6. The two-dimensional rectangular space group pmm or #6 (p2mm)

pmm No. 6 p 2mm mm Rectangular

Number of positions Co-ordinates of Conditions limiting

Wyckoff notation, equivalent positions possible reflections

and point symmetry

4 i 1 x, y; x̄, y; x̄, ȳ; x, ȳ General:
no conditions

2 h m 1
2
, y; 1

2
, ȳ Special:

2 g m 0, y; 0, ȳ No condition

2 f m x, 1
2
; x̄, 1

2

2 e m x, 0; x̄, 0

1 d mm 1
2
, 1

2

1 c mm 1
2
, 0

1 b mm 0, 1
2

1 a mm 0, 0

Table B.7. The two-dimensional rectangular space group pmg or #7 (p2mg)

pmg No. 7 p 2mg mm Rectangular

Number of positions Co-ordinates of Conditions limiting

Wyckoff notation, equivalent positions possible reflections

and point symmetry

4 d 1 x, y; x̄, ȳ; 1
2

+ x, ȳ; 1
2
− x, y General:

hk: No conditions
h0: h = 2n

Special: as above, plus

2 c m 1
4
, y; 3

4
, ȳ no extra conditions

2 b 2 0, 1
2
; 1

2
, 1

2

2 a 2 0, 0; 1
2
, 0

}
hk: h = 2n
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Table B.8. The two-dimensional rectangular space group pgg or #8 (p2gg)

pgg No. 8 p 2 g g mm Rectangular

Number of positions Co-ordinates of Conditions limiting

Wyckoff notation, equivalent positions possible reflections

and point symmetry

4 c 1 x, y; x̄, ȳ; 1
2

+ x, 1
2
− y; 1

2
− x, 1

2
+ y General:

hk: no conditions
h0: h = 2n
0l: k = 2n

Special: as above, plus

2 b 2 1
2
, 0; 0, 1

2

2 a 2 0, 0; 1
2
, 1

2

}
hk: h+ k = 2n

Table B.9. The two-dimensional rectangular space group cmm or #9 (c2mm)

cmm No. 9 c 2mg mm Rectangular

Number of positions Co-ordinates of Conditions limiting

Wyckoff notation, equivalent positions possible reflections

and point symmetry (0, 0; 1
2
, 1

2
)+

8 f 1 x, y; x̄, y; x̄, ȳ; x, ȳ General:
hk: h+ k = 2n

Special: as above, plus

4 e m 0, y; 0, ȳ

4 d m x, 0; x̄, 0

}
no extra conditions

4 c 2 1
4
, 1

4
; 1

4
, 3

4
hk: h = 2n; (k = 2n)

2 b mm 0, 1
2

2 a mm 0, 0

}
no extra conditions




