Surface symmetries and surface point groups for
representative faces of the 32 point groups

For each point group, symmetry elements are listed. The table indicates the sym-
metry elements conserved at the surface of each face. Only faces representative of
the crystal form are listed.
At the end of each column, the final point group of the surface (i.e. surface point
group) is indicated in bold.

Nomenclature used for symmetry elements :

For symmetry axes (S = 2, 3, 4, 6, 2, 3, 4,6): the direction of the axis is indicated.
For mirrors (S = m), the normal to the plane is indicated.

Examples: 2[001] is a twofold axis running along the [001] direction, and m[010] is
a mirror perpendicular to the y axis.

Corresponding transformation matrices are available online on the Bilbao Crys-
tallographic Server: http://www.cryst.ehu.es/rep/point.html

1 Trigonal system

Point group 1

Symmetry elements: 1

{100} {010} {001} {OKkI} {hOl} {hkO} {hkl}
1 1 1 1 1 1 1
1 1 1 1 1 1 1

Point group 1

Symmetry elements: 1, 1

{100} {010} {001} {Okl} {hOl} {hkO} {hkl}
1 1 1 1 1 1 1
1 1 1 1 1 1 1




2 Monoclinic system

Point group 2
Symmetry elements: 1, 2[010]

{100} {010} {001} {OKkI} {hOl} {hkO} {hkl}

1 1 1 1 1 1 1
2[010]
1 2 1 1 1 1 1

Point group m

Symmetry elements: 1, m[010]

{100} {010} {001} {0kI} {hol} {hkO} {hkl}

1 1 1 1 1 1 1
m[010] m|[010] m|[010]
m 1 m 1 m 1 1

Point group 2/m
Symmetry elements: 1, 1, 2[010], m[010]

{100} {010} {001} {o0kI} {hol} {hkO} {hkl}

1 1 1 1 1 1 1
m[OlO] 2[010] m[OlO} m[OlO]
m 2 m 1 m 1 1

3 Orthogonal system

Point group 222
Symmetry elements: 1, 2[100], 2[010], 2[001]

{100} {010} {001} {OkI} {hOl} {hk0} {hkl}

1 1 1 1 1 1 1
2[100]  2[010]  2[001]
2 2 2 1 1 1 1

Point group mm?2

Symmetry elements: 1, m[100], m[010], m[001]



{100} {010} {001} {OKkI} {hOl} {hkO} {hkl}
1 1 1 1 1 1 1
m[010] m[100] m[100] m[100] m[010]
m|[010]
2[001]
m m mm?2 m m 1 1

Point group mmm

Symmetry elements: 1, 2[100], 2[010], 2[001], 1, m[100], m[010], m[001]

{100} {010} {001} {Okl} {hOl} {hkO} {hkl}

1 1 1 1 1 1 1
2[100]  2[010] 2[001] m[100] m[010] m[001]
m[001] m[001] m[010]

m[010] m[100] m[100]
2mm m2m mm2 m m m 1

4 Tetragonal system

Point group 4
Symmetry elements: 1, 2[001], 4'[001], 43[001]

{001} {100} {110} {hko} {hol} {hhi} {hkl}
1 1 1 1 1 1 1
2[001]
41[001]
43[001]
4 1 1 1 1 1 1

Point group 4
Symmetry elements: 1, 2[001], 4'[001], 4*[001]

{001} {100} {110} {hkO} {hOI} {hhl} {hki}
1 1 1 1 1 1 1
2[001]

2 1 1 1 1 1 1

Point group 4/m
Symmetry elements: 1, 1, 2[001], m[001], 4}[001], 43[001], 4![001], 43[001]



{001} {100} {110} {hk0} {hOol} {hhl} {hkl}
1 1 1 1 1 1 1
2[001] m[001] m[001] m[001]
41[001}
43[001}
4 m m m 1 1 1

Point group 422
Symmetry elements: 1, 2[100], 2[010], 2[001], 2[110], 2[110], 4'[001], 43[001]

{001} {100} {110} {hko} {hol} {hhl} {hkl}
1 1 1 1 1 1 1
2[001]  2[100]  2[110]
411001]
43[001]
4 2 2 1 1 1 1

Point group 4mm

Symmetry elements: 1, 2[001], 4'[001], 43[001], m[100], m[010], m[110], m[110]

{oo1} {100} {110} {hko} {hol} {hhl} {hkl}
1 1 1 1 1 1 1
2[001]  m[010] m[110] m[010] m[110]
41001}
43(001]
m[100]
m|[010]
m[110]
m[110]

4 m m 1 m m 1

Point group 42m
Symmetry elements: 1, 2[100], 2[010], 2[001], m[110], m[110], 4}[001], 43[001]

{001} {100} {110} {hkO0} {hoOl} {hhl} {hkl}
1 1 1 1 1 1 1

2[001]  2[100] m[lTO] m[lTO]

m[110]

m[110]

mm?2 2 m 1 1 m 1

Point group 4/mmm

Symmetry elements: 1, 2[100], 2[010], 2[001], 2[110], 2[110], 4![001], 43[001], 1,
m[100], m[010], m[001], m[110], m[110], 4*[001], 43[001]
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{001} {100} {110} {hk0} {hOl} {hhl} {hkl}

1 1 1 1 1 1 1
2[001]  2[100] 2[110] m[001] m[010] m[110]
41[001} m[001] m[001]

43[001} m|[010] m[lTO]

m[010]

m[100]

m[110]

m[110]

4mm 2mm 2mm m m m 1

5 Trigonal system

Point group 3
Symmetry elements: 1, 3'[001], 32[001]

{001} {100} {110} {hk0} {hOI} {hhl} {hkl}

1 1 1 1 1 1 1
31[001]
32[001]

3 1 1 1 1 1 1

Point group 3
Symmetry elements: 1, 3'[001], 32[001], 1, 3'[001], 32[001]

{001} {100} {110} {hk0} {hOI} {hhl} {hkl}
1 1 1 1 1 1 1
31[001]
32[001]
3 1 1 1 1 1 1

Point group 32
Symmetry elements: 1, 2[110], 2[210], 2[120], 3'[001], 32[001]

{001} {100} {110} {hk0} {hOI} {hhl} {hkl}
1 1 1 1 1 1 1
31[001]  2[210]
32[001]
3 2 1 1 1 1 1




Point group 3m
Symmetry elements: 1, 3'[001], 32[001], m[110], m[210], m[120]

{001} {100} {110} {hk0} {hOI} {hhl} {hkl}
1 1 1 1 1 1 1

31[001] m[110] m[110]

32[001]

m[110]

m(210]

m[120]

3m 1 m 1 1 m 1

Point group 3m

Symmetry elements: 1, 2[110], 2[210], 2[120], 3'[001], 3%[001], 1, m[110], m[210],
m[120], 3'[001], 32[001]

{oo1} {100} {110} {hko} {hol} {hhl} {hkl}
1 1 1 1 1 1 1

31001]  2[210] m[110] m[110]

32[001]

m[110]

m([210]

m[120]

3m 2 m 1 1 m 1

6 Hexagonal system

Point group 6
Symmetry elements: 1, 2[001], 3'[001], 3%[001], 6'[001], 65[001]

{001} {100} {110} {hkO0} {hOl} {hhl} {hkl}
1 1 1 1 1 1 1
2[001]

31[001]

32[001]

6'[001]

65[001]

6 1 1 1 1 1 1




Point group 6
Symmetry elements: 1, 3'[001], 32[001], m[001], 61[001], 6°[001]

{oo1} {100} {110} {hko} {hol} {hhl} {hkl}
1 1 1 1 1 1 1
31[001} m[001] m[001] m[001]
32[001]
3 m m m 1 1 1

Point group 6/m

Symmetry elements: 1, 2[001], 31[001], 3%[001], 61[001], 6°[001], 1, m[001], 3}[001],
32[001], 6'[001], 6°[001]

{001} {100} {110} {hko} {hol} {hhl} {hkl}
1 1 1 1 1 1 1
2[001] m|[001] m[001] m[001]
31[001}
32[001}
61[001}
65[001}
6 m m m 1 1 1

Point group 622

Symmetry elements: 1, 2[100], 2[010], 2[001], 2[110], 2[110], 2[210], 2[120], 3[001],
32[001], 6'[001], 63[001]

{001} {100} {110} {hk0} {hol} {hhl} {hkl}
1 1 1 1 1 1 1
2[001]  2[210]  2[110]
31[001]
32[001]
6'[001]
65[001]
6 2 2 1 1 1 1

Point group 6mm

Symmetry elements: 1, 2[001], 3'[001], 3%[001], 6'[001], 6°[001], m[100], m[010],
m[110], m[110], m[210], m[120]



{001} {100} {110} {hk0} {hOI} {hhl} {hkl}
1 1 1 1 1 1 1
2[001] m[010] m[110] m[010] m[110]

6mm m m 1 m m 1

Point group 6m?2

Symmetry elements: 1, 2[100], 2[010], 2[110], 3'[001], 32[001], m[001], m[110], m[210],
m[120], 6'[001], 6°[001]

{001} {100} {110} {nk0} {hOI} {hhl} {hkl}
1 1 1 1 1 1 1

31[001] m[001] m[001] m[001] m[110]

32[001} 2[110]

m[110] m[110]

m[210]

m|[120]

3m m 2mm m 1 m 1

Point group 6/mmm

Symmetry elements: 1, 2[100], 2[010], 2[001], 2[110], 2[110], 2[210], 2[120], 3'[001],
32(001], 6'[001], 63[001], 1, m[100], m[0T0], m[001], m[110], m[1T0], m[210], m[120],
31001], 32[001], 6'[001], 6°[001]



{001} {100} {110} {hkOo} {hol} {hhl} {hkl}
1 1 1 1 1 1 1
20001] 2[210] 2[110] m[001] m[0I0] m[110]
m[001]  m[001]

m[010] m[110]

6mm 2mm 2mm m m m 1

7 Cubic system

Point group 23

Symmetry elements: 1, 2[100], 2[010], 2[001], 3'[111], 32[111], 3'[111], 32[111],
31[111], 32[111], 3'[111], 32[111]

{001} {111} {011} {OkI} {hhl} {hkl}
1 1 1 1 1 1
2[001]  3'[111]

32[111]
2 3 1 1 1 1

Point group m3

Symmetry elements: 1, 2[100], 2[010], 2[001], 3'[111], 32[111], 3'[111],
31[111], 32[111], 3'[111], 32[111], 1, m[100], m[010], m[001], 3'[111], 32[111], 3'[111
32[111], 34[111], 3*[111], 3'[111], 32[111]

[N
)
—_——
[

{oo1} {111} {o11} {okl} {hhl} {hkl}
1 1 1 1 1 1

2[001] 31[111] m[100] m[100]

m|[010] 32[111]

m[100]

2mm 3 m m 1 1




Point group 432

Symmetry elements: 1, 2[100], 2[010], 2[001], 2[110], 2[110], 2[011], 2[011], 2[101],
2[101], 3[111], 32[111], 3}[111], 32[111], 3'[111], 3%[111], 3'[111], 3%[111], 4!
43[100], 4'[010], 43[010], 4'[001], 43[001]

{001} {111} {011} {OkI} {hhl} {hki}
1 1 1 1 1 1
2(001]  3'111] 2[011]
41[001]  32[111]
43[001]
4 3 2 1 1 1

Point group 43m
Symmetry elements: 1, 2[100], 2[010], 2[001], 3'[111], 32[111], 3*[111], 3*[111],

31[111), 32[111], 3*[111], 32[111], m[110], m[110], m[011], m[011], m[101], m[101],
417100], 43[100], 41[010], 4%[010], 41[001], 4%[001]

{001} {111} {011} {OkI} {hhl} {hkl}
1 1 1 1 1 1
2[001] 31[111] m[Oli] m[liO]
m[110] 3%[111]
m[110] m[110]
m[011]
m[101]
2mm 3m m 1 m 1

Point group m3m

Symmetry elements: 1, 2[100], 2[010], 2[001], 2[110], 2[110], 2[011], 2[011], 2
9[101), 3'[111], 32[111], 3'[111], 32[111], 3'[111], 32[111], 3'[111], 32[111], 4!
43[100], 4'[010], 43[010], 4'[001], 43]001], T, m[100], m[010], m[001], m[110], m
m[011], m[011], m[101], m[101], 3'[111], 32[111], 3'[111], 32[111], 3'[111], 3?
3'[111], 3?[111], 4'[100], 43[100], 4'[010], 43[010], 4'[001], 43[001]

{001} {111} {011} {0k} {hhl} {nkl}
1 1 1 1 1 1
2[001] 3'[111] 2[011] m[100] m[110]

41[001} 32[111] m|[100]

43[001} m[liO] m[Oli]

m[100] m[011]

m[010] m[101]

m[110]

m[110]

4mm 3m 2mm m m 1
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