
Check	your	spacegroup	
Andrey	Lebedev,	CCP4	
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422 D4

8 d 1 Tetragonal trapezohedron !hkl" !!h!kl" !!khl" !k!hl"
Twisted tetragonal antiprism (p) !!hk!l" !h!k!l" !kh!l" !!k!h!l"

Ditetragonal prism !hk0" !!h!k0" !!kh0" !k!h0"
Truncated square through origin !!hk0" !h!k0" !kh0" !!k!h0"

Tetragonal dipyramid !h0l" !!h0l" !0hl" !0!hl"
Tetragonal prism !!h0!l" !h0!l" !0h!l" !0!h!l"

Tetragonal dipyramid !hhl" !!h!hl" !!hhl" !h!hl"
Tetragonal prism !!hh!l" !h!h!l" !hh!l" !!h!h!l"

4 c .2. Tetragonal prism !100" !!100" !010" !0!10"
Square through origin (l)

4 b ..2 Tetragonal prism !110" !!1!10" !!110" !1!10"
Square through origin ( j )

2 a 4.. Pinacoid or parallelohedron !001" !00!1"
Line segment through origin (g)

Symmetry of special projections
Along #001$ Along #100$ Along #110$

4mm 2mm 2mm

4mm C4v

8 d 1 Ditetragonal pyramid !hkl" !!h!kl" !!khl" !k!hl"
Truncated square (g) !h!kl" !!hkl" !!k!hl" !khl"

Ditetragonal prism !hk0" !!h!k0" !!kh0" !k!h0"
Truncated square through origin !h!k0" !!hk0" !!k!h0" !kh0"

4 c .m. Tetragonal pyramid !h0l" !!h0l" !0hl" !0!hl"
Square (e)

Tetragonal prism !100" !!100" !010" !0!10"
Square through origin

4 b ..m Tetragonal pyramid !hhl" !!h!hl" !!hhl" !h!hl"
Square (d)

Tetragonal prism !110" !!1!10" !!110" !1!10"
Square through origin

1 a 4mm Pedion or monohedron !001" or !00!1"
Single point (a)

Symmetry of special projections
Along #001$ Along #100$ Along #110$

4mm m m

Table 10.1.2.2. The 32 three-dimensional crystallographic point groups (cont.)

TETRAGONAL SYSTEM (cont.)
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10. POINT GROUPS AND CRYSTAL CLASSES
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Table 10.1.2.2. The 32 three-dimensional crystallographic point groups

General, special and limiting face forms and point forms (italics), oriented face and site symmetries, and Miller indices (hkl) of equivalent faces [for trigonal and
hexagonal groups Bravais–Miller indices (hkil) are used if referred to hexagonal axes]; for point coordinates see text.

TRICLINIC SYSTEM

1 C1

1 a 1 Pedion or monohedron (hkl)
Single point (a)

Symmetry of special projections
Along any direction

1

!1 Ci

2 a 1 Pinacoid or parallelohedron !hkl" !!h!k!l"
Line segment through origin (i)

Symmetry of special projections
Along any direction

2

MONOCLINIC SYSTEM

2 C2

Unique axis b Unique axis c
2 b 1 Sphenoid or dihedron !hkl" !!hk!l" !hkl" !!h!kl"

Line segment (e)

Pinacoid or parallelohedron !h0l" !!h0!l" !hk0" !!h!k0"
Line segment through origin

1 a 2 Pedion or monohedron !010" or !0!10" !001" or !00!1"
Single point (a)

Symmetry of special projections
Along [100] Along [010] Along [001]

Unique axis b m 2 m
c m m 2

m Cs

Unique axis b Unique axis c
2 b 1 Dome or dihedron !hkl" !h!kl" !hkl" !hk!l"

Line segment (c)

Pinacoid or parallelohedron !010" !0!10" !001" !00!1"
Line segment through origin

1 a m Pedion or monohedron (h0l) (hk0)
Single point (a)

Symmetry of special projections
Along [100] Along [010] Along [001]

Unique axis b m 1 m
c m m 1
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10. POINT GROUPS AND CRYSTAL CLASSES

TETRAGONAL SYSTEM

4 C4

4 b 1 Tetragonal pyramid !hkl" !!h!kl" !!khl" !k!hl"
Square (d)

Tetragonal prism !hk0" !!h!k0" !!kh0" !k!h0"
Square through origin

1 a 4.. Pedion or monohedron !001" or !00!1"
Single point (a)

Symmetry of special projections
Along #001$ Along #100$ Along #110$

4 m m

!4 S4

4 b 1 Tetragonal disphenoid or tetragonal tetrahedron !hkl" !!h!kl" !k!h!l" !!kh!l"
Tetragonal tetrahedron (h)

Tetragonal prism !hk0" !!h!k0" !k!h0" !!kh0"
Square through origin

2 a 2.. Pinacoid or parallelohedron !001" !00!1"
Line segment through origin (e)

Symmetry of special projections
Along #001$ Along #100$ Along #110$

4 m m

4!m C4h

8 c 1 Tetragonal dipyramid !hkl" !!h!kl" !!khl" !k!hl"
Tetragonal prism (l) !!h!k!l" !hk!l" !k!h!l" !!kh!l"

4 b m.. Tetragonal prism !hk0" !!h!k0" !!kh0" !k!h0"
Square through origin (j)

2 a 4.. Pinacoid or parallelohedron !001" !00!1"
Line segment through origin (g)

Symmetry of special projections
Along #001$ Along #100$ Along #110$

4 2mm 2mm

Table 10.1.2.2. The 32 three-dimensional crystallographic point groups (cont.)
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10.1. CRYSTALLOGRAPHIC AND NONCRYSTALLOGRAPHIC POINT GROUPS

4!mmm
4
m

2
m

2
m

D4h

16 g 1 Ditetragonal dipyramid !hkl" !!h!kl" !!khl" !k!hl"
Edge-truncated tetragonal prism (u) !!hk!l" !h!k!l" !kh!l" !!k!h!l"

!!h!k!l" !hk!l" !k!h!l" !!kh!l"
!h!kl" !!hkl" !!k!hl" !khl"

8 f .m. Tetragonal dipyramid !h0l" !!h0l" !0hl" !0!hl"
Tetragonal prism (s) !!h0!l" !h0!l" !0h!l" !0!h!l"

8 e ..m Tetragonal dipyramid !hhl" !!h!hl" !!hhl" !h!hl"
Tetragonal prism (r) !!hh!l" !h!h!l" !hh!l" !!h!h!l"

8 d m.. Ditetragonal prism !hk0" !!h!k0" !!kh0" !k!h0"
Truncated square through origin (p) !!hk0" !h!k0" !kh0" !!k!h0"

4 c m2m. Tetragonal prism !100" !!100" !010" !0!10"
Square through origin (l)

4 b m.m2 Tetragonal prism !110" !!1!10" !!110" !1!10"
Square through origin ( j )

2 a 4mm Pinacoid or parallelohedron !001" !00!1"
Line segment through origin (g)

Symmetry of special projections
Along #001$ Along #100$ Along #110$

4mm 2mm 2mm

TRIGONAL SYSTEM

3 C3
HEXAGONAL AXES

3 b 1 Trigonal pyramid !hkil" !ihkl" !kihl"
Trigon (d)

Trigonal prism !hki0" !ihk0" !kih0"
Trigon through origin

1 a 3.. Pedion or monohedron !0001" or !000!1"
Single point (a)

Symmetry of special projections
Along #001$ Along #100$ Along #210$

3 1 1

3 C3
RHOMBOHEDRAL AXES

3 b 1 Trigonal pyramid !hkl" !lhk" !klh"
Trigon (b)

Trigonal prism !hk!h%k"" !!h%k"hk" !k!h%k"h"
Trigon through origin

1 a 3. Pedion or monohedron !111" or !!1!1!1"
Single point (a)

Symmetry of special projections
Along #111$ Along #1!10$ Along #2!1!1$

3 1 1

Table 10.1.2.2. The 32 three-dimensional crystallographic point groups (cont.)

TETRAGONAL SYSTEM (cont.)
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2!m C2h

Unique axis b Unique axis c
4 c 1 Rhombic prism !hkl" !!hk!l" !!h!k!l" !h!kl" !hkl" !!h!kl" !!h!k!l" !hk!l"

Rectangle through origin (o)

2 b m Pinacoid or parallelohedron !h0l" !!h0!l" !hk0" !!h!k0"
Line segment through origin (m)

2 a 2 Pinacoid or parallelohedron !010" !0!10" !001" !00!1"
Line segment through origin (i)

Symmetry of special projections
Along #100$ Along #010$ Along #001$

Unique axis b 2mm 2 2mm
c 2mm 2mm 2

ORTHORHOMBIC SYSTEM

222 D2

4 d 1 Rhombic disphenoid or rhombic tetrahedron !hkl" !!h!kl" !!hk!l" !h!k!l"
Rhombic tetrahedron (u)

Rhombic prism !hk0" !!h!k0" !!hk0" !h!k0"
Rectangle through origin

Rhombic prism !h0l" !!h0l" !!h0!l" !h0!l"
Rectangle through origin

Rhombic prism !0kl" !0!kl" !0k!l" !0!k!l"
Rectangle through origin

2 c ..2 Pinacoid or parallelohedron !001" !00!1"
Line segment through origin (q)

2 b .2. Pinacoid or parallelohedron !010" !0!10"
Line segment through origin (m)

2 a 2.. Pinacoid or parallelohedron !100" !!100"
Line segment through origin (i)

Symmetry of special projections
Along #100$ Along #010$ Along #001$

2mm 2mm 2mm

Table 10.1.2.2. The 32 three-dimensional crystallographic point groups (cont.)

MONOCLINIC SYSTEM (cont.)
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10.1. CRYSTALLOGRAPHIC AND NONCRYSTALLOGRAPHIC POINT GROUPS
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The	point	groups	that	can	exist	in	protein	crystals	
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The	point	groups	that	can	exist	in	protein	crystals	

2!m C2h

Unique axis b Unique axis c
4 c 1 Rhombic prism !hkl" !!hk!l" !!h!k!l" !h!kl" !hkl" !!h!kl" !!h!k!l" !hk!l"

Rectangle through origin (o)

2 b m Pinacoid or parallelohedron !h0l" !!h0!l" !hk0" !!h!k0"
Line segment through origin (m)

2 a 2 Pinacoid or parallelohedron !010" !0!10" !001" !00!1"
Line segment through origin (i)

Symmetry of special projections
Along #100$ Along #010$ Along #001$

Unique axis b 2mm 2 2mm
c 2mm 2mm 2

ORTHORHOMBIC SYSTEM

222 D2

4 d 1 Rhombic disphenoid or rhombic tetrahedron !hkl" !!h!kl" !!hk!l" !h!k!l"
Rhombic tetrahedron (u)

Rhombic prism !hk0" !!h!k0" !!hk0" !h!k0"
Rectangle through origin

Rhombic prism !h0l" !!h0l" !!h0!l" !h0!l"
Rectangle through origin

Rhombic prism !0kl" !0!kl" !0k!l" !0!k!l"
Rectangle through origin

2 c ..2 Pinacoid or parallelohedron !001" !00!1"
Line segment through origin (q)

2 b .2. Pinacoid or parallelohedron !010" !0!10"
Line segment through origin (m)

2 a 2.. Pinacoid or parallelohedron !100" !!100"
Line segment through origin (i)

Symmetry of special projections
Along #100$ Along #010$ Along #001$

2mm 2mm 2mm

Table 10.1.2.2. The 32 three-dimensional crystallographic point groups (cont.)

MONOCLINIC SYSTEM (cont.)
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2!m C2h

Unique axis b Unique axis c
4 c 1 Rhombic prism !hkl" !!hk!l" !!h!k!l" !h!kl" !hkl" !!h!kl" !!h!k!l" !hk!l"

Rectangle through origin (o)

2 b m Pinacoid or parallelohedron !h0l" !!h0!l" !hk0" !!h!k0"
Line segment through origin (m)

2 a 2 Pinacoid or parallelohedron !010" !0!10" !001" !00!1"
Line segment through origin (i)

Symmetry of special projections
Along #100$ Along #010$ Along #001$

Unique axis b 2mm 2 2mm
c 2mm 2mm 2

ORTHORHOMBIC SYSTEM

222 D2

4 d 1 Rhombic disphenoid or rhombic tetrahedron !hkl" !!h!kl" !!hk!l" !h!k!l"
Rhombic tetrahedron (u)

Rhombic prism !hk0" !!h!k0" !!hk0" !h!k0"
Rectangle through origin

Rhombic prism !h0l" !!h0l" !!h0!l" !h0!l"
Rectangle through origin

Rhombic prism !0kl" !0!kl" !0k!l" !0!k!l"
Rectangle through origin

2 c ..2 Pinacoid or parallelohedron !001" !00!1"
Line segment through origin (q)

2 b .2. Pinacoid or parallelohedron !010" !0!10"
Line segment through origin (m)

2 a 2.. Pinacoid or parallelohedron !100" !!100"
Line segment through origin (i)

Symmetry of special projections
Along #100$ Along #010$ Along #001$

2mm 2mm 2mm

Table 10.1.2.2. The 32 three-dimensional crystallographic point groups (cont.)

MONOCLINIC SYSTEM (cont.)
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10.1. CRYSTALLOGRAPHIC AND NONCRYSTALLOGRAPHIC POINT GROUPS

Table 10.1.2.2. The 32 three-dimensional crystallographic point groups

General, special and limiting face forms and point forms (italics), oriented face and site symmetries, and Miller indices (hkl) of equivalent faces [for trigonal and
hexagonal groups Bravais–Miller indices (hkil) are used if referred to hexagonal axes]; for point coordinates see text.

TRICLINIC SYSTEM

1 C1

1 a 1 Pedion or monohedron (hkl)
Single point (a)

Symmetry of special projections
Along any direction

1

!1 Ci

2 a 1 Pinacoid or parallelohedron !hkl" !!h!k!l"
Line segment through origin (i)

Symmetry of special projections
Along any direction

2

MONOCLINIC SYSTEM

2 C2

Unique axis b Unique axis c
2 b 1 Sphenoid or dihedron !hkl" !!hk!l" !hkl" !!h!kl"

Line segment (e)

Pinacoid or parallelohedron !h0l" !!h0!l" !hk0" !!h!k0"
Line segment through origin

1 a 2 Pedion or monohedron !010" or !0!10" !001" or !00!1"
Single point (a)

Symmetry of special projections
Along [100] Along [010] Along [001]

Unique axis b m 2 m
c m m 2

m Cs

Unique axis b Unique axis c
2 b 1 Dome or dihedron !hkl" !h!kl" !hkl" !hk!l"

Line segment (c)

Pinacoid or parallelohedron !010" !0!10" !001" !00!1"
Line segment through origin

1 a m Pedion or monohedron (h0l) (hk0)
Single point (a)

Symmetry of special projections
Along [100] Along [010] Along [001]

Unique axis b m 1 m
c m m 1
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Table 10.1.2.2. The 32 three-dimensional crystallographic point groups

General, special and limiting face forms and point forms (italics), oriented face and site symmetries, and Miller indices (hkl) of equivalent faces [for trigonal and
hexagonal groups Bravais–Miller indices (hkil) are used if referred to hexagonal axes]; for point coordinates see text.

TRICLINIC SYSTEM

1 C1

1 a 1 Pedion or monohedron (hkl)
Single point (a)

Symmetry of special projections
Along any direction

1

!1 Ci

2 a 1 Pinacoid or parallelohedron !hkl" !!h!k!l"
Line segment through origin (i)

Symmetry of special projections
Along any direction

2

MONOCLINIC SYSTEM

2 C2

Unique axis b Unique axis c
2 b 1 Sphenoid or dihedron !hkl" !!hk!l" !hkl" !!h!kl"

Line segment (e)

Pinacoid or parallelohedron !h0l" !!h0!l" !hk0" !!h!k0"
Line segment through origin

1 a 2 Pedion or monohedron !010" or !0!10" !001" or !00!1"
Single point (a)

Symmetry of special projections
Along [100] Along [010] Along [001]

Unique axis b m 2 m
c m m 2

m Cs

Unique axis b Unique axis c
2 b 1 Dome or dihedron !hkl" !h!kl" !hkl" !hk!l"

Line segment (c)

Pinacoid or parallelohedron !010" !0!10" !001" !00!1"
Line segment through origin

1 a m Pedion or monohedron (h0l) (hk0)
Single point (a)

Symmetry of special projections
Along [100] Along [010] Along [001]

Unique axis b m 1 m
c m m 1
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10. POINT GROUPS AND CRYSTAL CLASSES

Table 10.1.2.2. The 32 three-dimensional crystallographic point groups

General, special and limiting face forms and point forms (italics), oriented face and site symmetries, and Miller indices (hkl) of equivalent faces [for trigonal and
hexagonal groups Bravais–Miller indices (hkil) are used if referred to hexagonal axes]; for point coordinates see text.

TRICLINIC SYSTEM

1 C1

1 a 1 Pedion or monohedron (hkl)
Single point (a)

Symmetry of special projections
Along any direction

1

!1 Ci

2 a 1 Pinacoid or parallelohedron !hkl" !!h!k!l"
Line segment through origin (i)

Symmetry of special projections
Along any direction

2

MONOCLINIC SYSTEM

2 C2

Unique axis b Unique axis c
2 b 1 Sphenoid or dihedron !hkl" !!hk!l" !hkl" !!h!kl"

Line segment (e)

Pinacoid or parallelohedron !h0l" !!h0!l" !hk0" !!h!k0"
Line segment through origin

1 a 2 Pedion or monohedron !010" or !0!10" !001" or !00!1"
Single point (a)

Symmetry of special projections
Along [100] Along [010] Along [001]

Unique axis b m 2 m
c m m 2

m Cs

Unique axis b Unique axis c
2 b 1 Dome or dihedron !hkl" !h!kl" !hkl" !hk!l"

Line segment (c)

Pinacoid or parallelohedron !010" !0!10" !001" !00!1"
Line segment through origin

1 a m Pedion or monohedron (h0l) (hk0)
Single point (a)

Symmetry of special projections
Along [100] Along [010] Along [001]

Unique axis b m 1 m
c m m 1
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10. POINT GROUPS AND CRYSTAL CLASSES

Table 10.1.2.2. The 32 three-dimensional crystallographic point groups

General, special and limiting face forms and point forms (italics), oriented face and site symmetries, and Miller indices (hkl) of equivalent faces [for trigonal and
hexagonal groups Bravais–Miller indices (hkil) are used if referred to hexagonal axes]; for point coordinates see text.

TRICLINIC SYSTEM

1 C1

1 a 1 Pedion or monohedron (hkl)
Single point (a)

Symmetry of special projections
Along any direction

1

!1 Ci

2 a 1 Pinacoid or parallelohedron !hkl" !!h!k!l"
Line segment through origin (i)

Symmetry of special projections
Along any direction

2

MONOCLINIC SYSTEM

2 C2

Unique axis b Unique axis c
2 b 1 Sphenoid or dihedron !hkl" !!hk!l" !hkl" !!h!kl"

Line segment (e)

Pinacoid or parallelohedron !h0l" !!h0!l" !hk0" !!h!k0"
Line segment through origin

1 a 2 Pedion or monohedron !010" or !0!10" !001" or !00!1"
Single point (a)

Symmetry of special projections
Along [100] Along [010] Along [001]

Unique axis b m 2 m
c m m 2

m Cs

Unique axis b Unique axis c
2 b 1 Dome or dihedron !hkl" !h!kl" !hkl" !hk!l"

Line segment (c)

Pinacoid or parallelohedron !010" !0!10" !001" !00!1"
Line segment through origin

1 a m Pedion or monohedron (h0l) (hk0)
Single point (a)

Symmetry of special projections
Along [100] Along [010] Along [001]

Unique axis b m 1 m
c m m 1
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4!mmm
4
m

2
m

2
m

D4h

16 g 1 Ditetragonal dipyramid !hkl" !!h!kl" !!khl" !k!hl"
Edge-truncated tetragonal prism (u) !!hk!l" !h!k!l" !kh!l" !!k!h!l"

!!h!k!l" !hk!l" !k!h!l" !!kh!l"
!h!kl" !!hkl" !!k!hl" !khl"

8 f .m. Tetragonal dipyramid !h0l" !!h0l" !0hl" !0!hl"
Tetragonal prism (s) !!h0!l" !h0!l" !0h!l" !0!h!l"

8 e ..m Tetragonal dipyramid !hhl" !!h!hl" !!hhl" !h!hl"
Tetragonal prism (r) !!hh!l" !h!h!l" !hh!l" !!h!h!l"

8 d m.. Ditetragonal prism !hk0" !!h!k0" !!kh0" !k!h0"
Truncated square through origin (p) !!hk0" !h!k0" !kh0" !!k!h0"

4 c m2m. Tetragonal prism !100" !!100" !010" !0!10"
Square through origin (l)

4 b m.m2 Tetragonal prism !110" !!1!10" !!110" !1!10"
Square through origin ( j )

2 a 4mm Pinacoid or parallelohedron !001" !00!1"
Line segment through origin (g)

Symmetry of special projections
Along #001$ Along #100$ Along #110$

4mm 2mm 2mm

TRIGONAL SYSTEM

3 C3
HEXAGONAL AXES

3 b 1 Trigonal pyramid !hkil" !ihkl" !kihl"
Trigon (d)

Trigonal prism !hki0" !ihk0" !kih0"
Trigon through origin

1 a 3.. Pedion or monohedron !0001" or !000!1"
Single point (a)

Symmetry of special projections
Along #001$ Along #100$ Along #210$

3 1 1

3 C3
RHOMBOHEDRAL AXES

3 b 1 Trigonal pyramid !hkl" !lhk" !klh"
Trigon (b)

Trigonal prism !hk!h%k"" !!h%k"hk" !k!h%k"h"
Trigon through origin

1 a 3. Pedion or monohedron !111" or !!1!1!1"
Single point (a)

Symmetry of special projections
Along #111$ Along #1!10$ Along #2!1!1$

3 1 1

Table 10.1.2.2. The 32 three-dimensional crystallographic point groups (cont.)

TETRAGONAL SYSTEM (cont.)
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10. POINT GROUPS AND CRYSTAL CLASSES

4!mmm
4
m

2
m

2
m

D4h

16 g 1 Ditetragonal dipyramid !hkl" !!h!kl" !!khl" !k!hl"
Edge-truncated tetragonal prism (u) !!hk!l" !h!k!l" !kh!l" !!k!h!l"

!!h!k!l" !hk!l" !k!h!l" !!kh!l"
!h!kl" !!hkl" !!k!hl" !khl"

8 f .m. Tetragonal dipyramid !h0l" !!h0l" !0hl" !0!hl"
Tetragonal prism (s) !!h0!l" !h0!l" !0h!l" !0!h!l"

8 e ..m Tetragonal dipyramid !hhl" !!h!hl" !!hhl" !h!hl"
Tetragonal prism (r) !!hh!l" !h!h!l" !hh!l" !!h!h!l"

8 d m.. Ditetragonal prism !hk0" !!h!k0" !!kh0" !k!h0"
Truncated square through origin (p) !!hk0" !h!k0" !kh0" !!k!h0"

4 c m2m. Tetragonal prism !100" !!100" !010" !0!10"
Square through origin (l)

4 b m.m2 Tetragonal prism !110" !!1!10" !!110" !1!10"
Square through origin ( j )

2 a 4mm Pinacoid or parallelohedron !001" !00!1"
Line segment through origin (g)

Symmetry of special projections
Along #001$ Along #100$ Along #110$

4mm 2mm 2mm

TRIGONAL SYSTEM

3 C3
HEXAGONAL AXES

3 b 1 Trigonal pyramid !hkil" !ihkl" !kihl"
Trigon (d)

Trigonal prism !hki0" !ihk0" !kih0"
Trigon through origin

1 a 3.. Pedion or monohedron !0001" or !000!1"
Single point (a)

Symmetry of special projections
Along #001$ Along #100$ Along #210$

3 1 1

3 C3
RHOMBOHEDRAL AXES

3 b 1 Trigonal pyramid !hkl" !lhk" !klh"
Trigon (b)

Trigonal prism !hk!h%k"" !!h%k"hk" !k!h%k"h"
Trigon through origin

1 a 3. Pedion or monohedron !111" or !!1!1!1"
Single point (a)

Symmetry of special projections
Along #111$ Along #1!10$ Along #2!1!1$

3 1 1

Table 10.1.2.2. The 32 three-dimensional crystallographic point groups (cont.)

TETRAGONAL SYSTEM (cont.)
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10. POINT GROUPS AND CRYSTAL CLASSES

!3 C3i
HEXAGONAL AXES

6 b 1 Rhombohedron !hkil" !ihkl" !kihl"
Trigonal antiprism (g) !!h!k!i!l" !!i!h!k!l" !!k!i!h!l"

Hexagonal prism !hki0" !ihk0" !kih0"
Hexagon through origin !!h!k!i0" !!i!h!k0" !!k!i!h0"

2 a 3.. Pinacoid or parallelohedron !0001" !000!1"
Line segment through origin (c)

Symmetry of special projections
Along #001$ Along #100$ Along #210$

6 2 2

!3 C3i
RHOMBOHEDRAL AXES

6 b 1 Rhombohedron !hkl" !lhk" !klh"
Trigonal antiprism ( f ) !!h!k!l" !!l!h!k" !!k!l!h"

Hexagonal prism !hk!h%k"" !!h%k"hk" !k!h%k"h"
Hexagon through origin !!h!k!h%k"" !!h%k"!h!k" !!k!h%k"!h"

2 a 3. Pinacoid or parallelohedron !111" !!1!1!1"
Line segment through origin (c)

Symmetry of special projections
Along #111$ Along #1!10$ Along #2!1!1$

6 2 2

321 D3
HEXAGONAL AXES

6 c 1 Trigonal trapezohedron !hkil" !ihkl" !kihl"
Twisted trigonal antiprism (g) !khi!l" !hik!l" !ikh!l"
Ditrigonal prism !hki0" !ihk0" !kih0"
Truncated trigon through origin !khi0" !hik0" !ikh0"
Trigonal dipyramid !hh2hl" !2hhhl" !h2hhl"
Trigonal prism !hh2h!l" !h2hh!l" !2hhh!l"
Rhombohedron !h0!hl" !!hh0l" !0!hhl"
Trigonal antiprism !0h!h!l" !h!h0!l" !!h0h!l"
Hexagonal prism !10!10" !!1100" !0!110"
Hexagon through origin !01!10" !1!100" !!1010"

3 b .2. Trigonal prism !11!20" !!2110" !1!210"
Trigon through origin (e) or !!1!120" !2!1!10" !!12!10"

2 a 3.. Pinacoid or parallelohedron !0001" !000!1"
Line segment through origin (c)

Symmetry of special projections
Along #001$ Along #100$ Along #210$

3m 2 1

Table 10.1.2.2. The 32 three-dimensional crystallographic point groups (cont.)

TRIGONAL SYSTEM (cont.)

777

10.1. CRYSTALLOGRAPHIC AND NONCRYSTALLOGRAPHIC POINT GROUPS

!3 C3i
HEXAGONAL AXES

6 b 1 Rhombohedron !hkil" !ihkl" !kihl"
Trigonal antiprism (g) !!h!k!i!l" !!i!h!k!l" !!k!i!h!l"

Hexagonal prism !hki0" !ihk0" !kih0"
Hexagon through origin !!h!k!i0" !!i!h!k0" !!k!i!h0"

2 a 3.. Pinacoid or parallelohedron !0001" !000!1"
Line segment through origin (c)

Symmetry of special projections
Along #001$ Along #100$ Along #210$

6 2 2

!3 C3i
RHOMBOHEDRAL AXES

6 b 1 Rhombohedron !hkl" !lhk" !klh"
Trigonal antiprism ( f ) !!h!k!l" !!l!h!k" !!k!l!h"

Hexagonal prism !hk!h%k"" !!h%k"hk" !k!h%k"h"
Hexagon through origin !!h!k!h%k"" !!h%k"!h!k" !!k!h%k"!h"

2 a 3. Pinacoid or parallelohedron !111" !!1!1!1"
Line segment through origin (c)

Symmetry of special projections
Along #111$ Along #1!10$ Along #2!1!1$

6 2 2

321 D3
HEXAGONAL AXES

6 c 1 Trigonal trapezohedron !hkil" !ihkl" !kihl"
Twisted trigonal antiprism (g) !khi!l" !hik!l" !ikh!l"
Ditrigonal prism !hki0" !ihk0" !kih0"
Truncated trigon through origin !khi0" !hik0" !ikh0"
Trigonal dipyramid !hh2hl" !2hhhl" !h2hhl"
Trigonal prism !hh2h!l" !h2hh!l" !2hhh!l"
Rhombohedron !h0!hl" !!hh0l" !0!hhl"
Trigonal antiprism !0h!h!l" !h!h0!l" !!h0h!l"
Hexagonal prism !10!10" !!1100" !0!110"
Hexagon through origin !01!10" !1!100" !!1010"

3 b .2. Trigonal prism !11!20" !!2110" !1!210"
Trigon through origin (e) or !!1!120" !2!1!10" !!12!10"

2 a 3.. Pinacoid or parallelohedron !0001" !000!1"
Line segment through origin (c)

Symmetry of special projections
Along #001$ Along #100$ Along #210$

3m 2 1

Table 10.1.2.2. The 32 three-dimensional crystallographic point groups (cont.)

TRIGONAL SYSTEM (cont.)
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10.1. CRYSTALLOGRAPHIC AND NONCRYSTALLOGRAPHIC POINT GROUPS

312 D3
HEXAGONAL AXES

6 c 1 Trigonal trapezohedron !hkil" !ihkl" !kihl"
Twisted trigonal antiprism (l ) !!k!h!i!l" !!h!i!k!l" !!i!k!h!l"

Ditrigonal prism !hki0" !ihk0" !kih0"
Truncated trigon through origin !!k!h!i0" !!h!i!k0" !!i!k!h0"

Trigonal dipyramid !h0!hl" !!hh0l" !0!hhl"
Trigonal prism !0!hh!l" !!hh0!l" !h0!h!l"

Rhombohedron !hh2hl" !2hhhl" !h2hhl"
Trigonal antiprism !!h!h2h!l" !!h2h!h!l" !2h!h!h!l"

Hexagonal prism !11!20" !!2110" !1!210"
Hexagon through origin !!1!120" !!12!10" !2!1!10"

3 b ..2 Trigonal prism !10!10" !!1100" !0!110"
Trigon through origin ( j ) or !!1010" !1!100" !01!10"

2 a 3.. Pinacoid or parallelohedron !0001" !000!1"
Line segment through origin (g)

Symmetry of special projections
Along #001$ Along #100$ Along #210$

3m 1 2

32 D3
RHOMBOHEDRAL AXES

6 c 1 Trigonal trapezohedron !hkl" !lhk" !klh"
Twisted trigonal antiprism ( f ) !!k!h!l" !!h!l!k" !!l!k!h"

Ditrigonal prism !hk!h%k"" !!h%k"hk" !k!h%k"h"
Truncated trigon through origin !!k!h!h%k"" !!h!h%k"!k" !!h%k"!k!h"

Trigonal dipyramid !hk!2k&h"" !!2k&h"hk" !k!2k&h"h"
Trigonal prism !!k!h!h&2k"" !!h!h&2k"!k" !!h&2k"!k!h"

Rhombohedron !hhl" !lhh" !hlh"
Trigonal antiprism !!h!h!l" !!h!l!h" !!l!h!h"

Hexagonal prism !11!2" !!211" !1!21"
Hexagon through origin !!1!12" !!12!1" !2!1!1"

3 b .2 Trigonal prism !01!1" !!101" !1!10"
Trigon through origin (d) or !0!11" !10!1" !!110"

2 a 3. Pinacoid or parallelohedron !111" !!1!1!1"
Line segment through origin (c)

Symmetry of special projections
Along #111$ Along #1!10$ Along #2!1!1$

3m 2 1

Table 10.1.2.2. The 32 three-dimensional crystallographic point groups (cont.)

TRIGONAL SYSTEM (cont.)
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10. POINT GROUPS AND CRYSTAL CLASSES

312 D3
HEXAGONAL AXES

6 c 1 Trigonal trapezohedron !hkil" !ihkl" !kihl"
Twisted trigonal antiprism (l ) !!k!h!i!l" !!h!i!k!l" !!i!k!h!l"

Ditrigonal prism !hki0" !ihk0" !kih0"
Truncated trigon through origin !!k!h!i0" !!h!i!k0" !!i!k!h0"

Trigonal dipyramid !h0!hl" !!hh0l" !0!hhl"
Trigonal prism !0!hh!l" !!hh0!l" !h0!h!l"

Rhombohedron !hh2hl" !2hhhl" !h2hhl"
Trigonal antiprism !!h!h2h!l" !!h2h!h!l" !2h!h!h!l"

Hexagonal prism !11!20" !!2110" !1!210"
Hexagon through origin !!1!120" !!12!10" !2!1!10"

3 b ..2 Trigonal prism !10!10" !!1100" !0!110"
Trigon through origin ( j ) or !!1010" !1!100" !01!10"

2 a 3.. Pinacoid or parallelohedron !0001" !000!1"
Line segment through origin (g)

Symmetry of special projections
Along #001$ Along #100$ Along #210$

3m 1 2

32 D3
RHOMBOHEDRAL AXES

6 c 1 Trigonal trapezohedron !hkl" !lhk" !klh"
Twisted trigonal antiprism ( f ) !!k!h!l" !!h!l!k" !!l!k!h"

Ditrigonal prism !hk!h%k"" !!h%k"hk" !k!h%k"h"
Truncated trigon through origin !!k!h!h%k"" !!h!h%k"!k" !!h%k"!k!h"

Trigonal dipyramid !hk!2k&h"" !!2k&h"hk" !k!2k&h"h"
Trigonal prism !!k!h!h&2k"" !!h!h&2k"!k" !!h&2k"!k!h"

Rhombohedron !hhl" !lhh" !hlh"
Trigonal antiprism !!h!h!l" !!h!l!h" !!l!h!h"

Hexagonal prism !11!2" !!211" !1!21"
Hexagon through origin !!1!12" !!12!1" !2!1!1"

3 b .2 Trigonal prism !01!1" !!101" !1!10"
Trigon through origin (d) or !0!11" !10!1" !!110"

2 a 3. Pinacoid or parallelohedron !111" !!1!1!1"
Line segment through origin (c)

Symmetry of special projections
Along #111$ Along #1!10$ Along #2!1!1$

3m 2 1

Table 10.1.2.2. The 32 three-dimensional crystallographic point groups (cont.)

TRIGONAL SYSTEM (cont.)
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10. POINT GROUPS AND CRYSTAL CLASSES

TETRAGONAL SYSTEM

4 C4

4 b 1 Tetragonal pyramid !hkl" !!h!kl" !!khl" !k!hl"
Square (d)

Tetragonal prism !hk0" !!h!k0" !!kh0" !k!h0"
Square through origin

1 a 4.. Pedion or monohedron !001" or !00!1"
Single point (a)

Symmetry of special projections
Along #001$ Along #100$ Along #110$

4 m m

!4 S4

4 b 1 Tetragonal disphenoid or tetragonal tetrahedron !hkl" !!h!kl" !k!h!l" !!kh!l"
Tetragonal tetrahedron (h)

Tetragonal prism !hk0" !!h!k0" !k!h0" !!kh0"
Square through origin

2 a 2.. Pinacoid or parallelohedron !001" !00!1"
Line segment through origin (e)

Symmetry of special projections
Along #001$ Along #100$ Along #110$

4 m m

4!m C4h

8 c 1 Tetragonal dipyramid !hkl" !!h!kl" !!khl" !k!hl"
Tetragonal prism (l) !!h!k!l" !hk!l" !k!h!l" !!kh!l"

4 b m.. Tetragonal prism !hk0" !!h!k0" !!kh0" !k!h0"
Square through origin (j)

2 a 4.. Pinacoid or parallelohedron !001" !00!1"
Line segment through origin (g)

Symmetry of special projections
Along #001$ Along #100$ Along #110$

4 2mm 2mm

Table 10.1.2.2. The 32 three-dimensional crystallographic point groups (cont.)
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10.1. CRYSTALLOGRAPHIC AND NONCRYSTALLOGRAPHIC POINT GROUPS

TETRAGONAL SYSTEM

4 C4

4 b 1 Tetragonal pyramid !hkl" !!h!kl" !!khl" !k!hl"
Square (d)

Tetragonal prism !hk0" !!h!k0" !!kh0" !k!h0"
Square through origin

1 a 4.. Pedion or monohedron !001" or !00!1"
Single point (a)

Symmetry of special projections
Along #001$ Along #100$ Along #110$

4 m m

!4 S4

4 b 1 Tetragonal disphenoid or tetragonal tetrahedron !hkl" !!h!kl" !k!h!l" !!kh!l"
Tetragonal tetrahedron (h)

Tetragonal prism !hk0" !!h!k0" !k!h0" !!kh0"
Square through origin

2 a 2.. Pinacoid or parallelohedron !001" !00!1"
Line segment through origin (e)

Symmetry of special projections
Along #001$ Along #100$ Along #110$

4 m m

4!m C4h

8 c 1 Tetragonal dipyramid !hkl" !!h!kl" !!khl" !k!hl"
Tetragonal prism (l) !!h!k!l" !hk!l" !k!h!l" !!kh!l"

4 b m.. Tetragonal prism !hk0" !!h!k0" !!kh0" !k!h0"
Square through origin (j)

2 a 4.. Pinacoid or parallelohedron !001" !00!1"
Line segment through origin (g)

Symmetry of special projections
Along #001$ Along #100$ Along #110$

4 2mm 2mm

Table 10.1.2.2. The 32 three-dimensional crystallographic point groups (cont.)
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10.1. CRYSTALLOGRAPHIC AND NONCRYSTALLOGRAPHIC POINT GROUPS

!3m

!3
2
m

D3d

RHOMBOHEDRAL AXES

12 d 1 Ditrigonal scalenohedron or hexagonal
scalenohedron

!hkl" !lhk" !klh"
!!k!h!l" !!h!l!k" !!l!k!h"

Trigonal antiprism sliced off by pinacoid (i) !!h!k!l" !!l!h!k" !!k!l!h"
!khl" !hlk" !lkh"

Dihexagonal prism !hk!h#k"" !!h#k"hk" !k!h#k"h"
Truncated hexagon through origin !!k!h!h#k"" !!h!h#k"!k" !!h#k"!k!h"

!!h!k!h#k"" !!h#k"!h!k" !!k!h#k"!h"
!kh!h#k"" !h!h#k"k" !!h#k"kh"

Hexagonal dipyramid !hk!2k$h"" !!2k$h"hk" !k!2k$h"h"
Hexagonal prism !!k!h!h$2k"" !!h!h$2k"!k" !!h$2k"!k!h"

!!h!k!h$2k"" !!h$2k"!h!k" !!k!h$2k"!h"
!kh!2k$h"" !h!2k$h"k" !!2k$h"kh"

6 c .m Rhombohedron !hhl" !lhh" !hlh"
Trigonal antiprism (h) !!h!h!l" !!h!l!h" !!l!h!h"

Hexagonal prism !11!2" !!211" !1!21"
Hexagon through origin !!1!12" !!12!1" !2!1!1"

6 b .2 Hexagonal prism !01!1" !!101" !1!10"
Hexagon through origin ( f ) !0!11" !10!1" !!110"

2 a 3m Pinacoid or parallelohedron !111" !!1!1!1"
Line segment through origin (c)

Symmetry of special projections

Along %111& Along %1!10& Along %2!1!1&
6mm 2 2mm

HEXAGONAL SYSTEM

6 C6

6 b 1 Hexagonal pyramid !hkil" !ihkl" !kihl" !!h!k!il" !!i!h!kl" !!k!i!hl"
Hexagon (d)

Hexagonal prism !hki0" !ihk0" !kih0" !!h!k!i0" !!i!h!k0" !!k!i!h0"
Hexagon through origin

1 a 6.. Pedion or monohedron !0001" or !000!1"
Single point (a)

Symmetry of special projections
Along %001& Along %100& Along %210&

6 m m

Table 10.1.2.2. The 32 three-dimensional crystallographic point groups (cont.)

TRIGONAL SYSTEM (cont.)
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10. POINT GROUPS AND CRYSTAL CLASSES

!3m

!3
2
m

D3d

RHOMBOHEDRAL AXES

12 d 1 Ditrigonal scalenohedron or hexagonal
scalenohedron

!hkl" !lhk" !klh"
!!k!h!l" !!h!l!k" !!l!k!h"

Trigonal antiprism sliced off by pinacoid (i) !!h!k!l" !!l!h!k" !!k!l!h"
!khl" !hlk" !lkh"

Dihexagonal prism !hk!h#k"" !!h#k"hk" !k!h#k"h"
Truncated hexagon through origin !!k!h!h#k"" !!h!h#k"!k" !!h#k"!k!h"

!!h!k!h#k"" !!h#k"!h!k" !!k!h#k"!h"
!kh!h#k"" !h!h#k"k" !!h#k"kh"

Hexagonal dipyramid !hk!2k$h"" !!2k$h"hk" !k!2k$h"h"
Hexagonal prism !!k!h!h$2k"" !!h!h$2k"!k" !!h$2k"!k!h"

!!h!k!h$2k"" !!h$2k"!h!k" !!k!h$2k"!h"
!kh!2k$h"" !h!2k$h"k" !!2k$h"kh"

6 c .m Rhombohedron !hhl" !lhh" !hlh"
Trigonal antiprism (h) !!h!h!l" !!h!l!h" !!l!h!h"

Hexagonal prism !11!2" !!211" !1!21"
Hexagon through origin !!1!12" !!12!1" !2!1!1"

6 b .2 Hexagonal prism !01!1" !!101" !1!10"
Hexagon through origin ( f ) !0!11" !10!1" !!110"

2 a 3m Pinacoid or parallelohedron !111" !!1!1!1"
Line segment through origin (c)

Symmetry of special projections

Along %111& Along %1!10& Along %2!1!1&
6mm 2 2mm

HEXAGONAL SYSTEM

6 C6

6 b 1 Hexagonal pyramid !hkil" !ihkl" !kihl" !!h!k!il" !!i!h!kl" !!k!i!hl"
Hexagon (d)

Hexagonal prism !hki0" !ihk0" !kih0" !!h!k!i0" !!i!h!k0" !!k!i!h0"
Hexagon through origin

1 a 6.. Pedion or monohedron !0001" or !000!1"
Single point (a)

Symmetry of special projections
Along %001& Along %100& Along %210&

6 m m

Table 10.1.2.2. The 32 three-dimensional crystallographic point groups (cont.)

TRIGONAL SYSTEM (cont.)
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10. POINT GROUPS AND CRYSTAL CLASSES

CUBIC SYSTEM

23 T

12 c 1 Pentagon-tritetrahedron or tetartoid
or tetrahedral pentagon-dodecahedron
Snub tetrahedron !" pentagon-tritetra-
hedron # two tetrahedra$ ! j$

!hkl$ !!h!kl$ !!hk!l$ !h!k!l$
!lhk$ !l!h!k$ !!l!hk$ !!lh!k$
!klh$ !!kl!h$ !k!l!h$ !!k!lh$

Trigon-tritetrahedron
or tristetrahedron (for %h% ! %l%)
Tetrahedron truncated by tetrahedron
!for %x% ! %z%$

Tetragon-tritetrahedron or deltohedron
or deltoid-dodecahedron (for %h% " %l%)
Cube " two tetrahedra !for %x% " %z%$

!
""""""""""#

""""""""""$

%
""""""""""&

""""""""""'

!hhl$ !!h!hl$ !!hh!l$ !h!h!l$
!lhh$ !l!h!h$ !!l!hh$ !!lh!h$
!hlh$ !!hl!h$ !h!l!h$ !!h!lh$

Pentagon-dodecahedron
or dihexahedron or pyritohedron
Irregular icosahedron
!" pentagon-dodecahedron # octahedron$

!0kl$ !0!kl$ !0k!l$ !0!k!l$
!l0k$ !l0!k$ !!l0k$ !!l0!k$
!kl0$ !!kl0$ !k!l0$ !!k!l0$

Rhomb-dodecahedron
Cuboctahedron

!011$ !0!11$ !01!1$ !0!1!1$
!101$ !10!1$ !!101$ !!10!1$
!110$ !!110$ !1!10$ !!1!10$

6 b 2.. Cube or hexahedron
Octahedron ! f $

!100$ !!100$
!010$ !0!10$
!001$ !00!1$

4 a .3. Tetrahedron
Tetrahedron !e$

!111$ !!1!11$ !!11!1$ !1!1!1$
or !!1!1!1$ !11!1$ !1!11$ !!111$

Symmetry of special projections
Along &001' Along &111' Along &110'

2mm 3 m

Table 10.1.2.2. The 32 three-dimensional crystallographic point groups (cont.)
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10. POINT GROUPS AND CRYSTAL CLASSES

CUBIC SYSTEM

23 T

12 c 1 Pentagon-tritetrahedron or tetartoid
or tetrahedral pentagon-dodecahedron
Snub tetrahedron !" pentagon-tritetra-
hedron # two tetrahedra$ ! j$

!hkl$ !!h!kl$ !!hk!l$ !h!k!l$
!lhk$ !l!h!k$ !!l!hk$ !!lh!k$
!klh$ !!kl!h$ !k!l!h$ !!k!lh$

Trigon-tritetrahedron
or tristetrahedron (for %h% ! %l%)
Tetrahedron truncated by tetrahedron
!for %x% ! %z%$

Tetragon-tritetrahedron or deltohedron
or deltoid-dodecahedron (for %h% " %l%)
Cube " two tetrahedra !for %x% " %z%$

!
""""""""""#

""""""""""$

%
""""""""""&

""""""""""'

!hhl$ !!h!hl$ !!hh!l$ !h!h!l$
!lhh$ !l!h!h$ !!l!hh$ !!lh!h$
!hlh$ !!hl!h$ !h!l!h$ !!h!lh$

Pentagon-dodecahedron
or dihexahedron or pyritohedron
Irregular icosahedron
!" pentagon-dodecahedron # octahedron$

!0kl$ !0!kl$ !0k!l$ !0!k!l$
!l0k$ !l0!k$ !!l0k$ !!l0!k$
!kl0$ !!kl0$ !k!l0$ !!k!l0$

Rhomb-dodecahedron
Cuboctahedron

!011$ !0!11$ !01!1$ !0!1!1$
!101$ !10!1$ !!101$ !!10!1$
!110$ !!110$ !1!10$ !!1!10$

6 b 2.. Cube or hexahedron
Octahedron ! f $

!100$ !!100$
!010$ !0!10$
!001$ !00!1$

4 a .3. Tetrahedron
Tetrahedron !e$

!111$ !!1!11$ !!11!1$ !1!1!1$
or !!1!1!1$ !11!1$ !1!11$ !!111$

Symmetry of special projections
Along &001' Along &111' Along &110'

2mm 3 m

Table 10.1.2.2. The 32 three-dimensional crystallographic point groups (cont.)
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10. POINT GROUPS AND CRYSTAL CLASSES

422 D4

8 d 1 Tetragonal trapezohedron !hkl" !!h!kl" !!khl" !k!hl"
Twisted tetragonal antiprism (p) !!hk!l" !h!k!l" !kh!l" !!k!h!l"

Ditetragonal prism !hk0" !!h!k0" !!kh0" !k!h0"
Truncated square through origin !!hk0" !h!k0" !kh0" !!k!h0"

Tetragonal dipyramid !h0l" !!h0l" !0hl" !0!hl"
Tetragonal prism !!h0!l" !h0!l" !0h!l" !0!h!l"

Tetragonal dipyramid !hhl" !!h!hl" !!hhl" !h!hl"
Tetragonal prism !!hh!l" !h!h!l" !hh!l" !!h!h!l"

4 c .2. Tetragonal prism !100" !!100" !010" !0!10"
Square through origin (l)

4 b ..2 Tetragonal prism !110" !!1!10" !!110" !1!10"
Square through origin ( j )

2 a 4.. Pinacoid or parallelohedron !001" !00!1"
Line segment through origin (g)

Symmetry of special projections
Along #001$ Along #100$ Along #110$

4mm 2mm 2mm

4mm C4v

8 d 1 Ditetragonal pyramid !hkl" !!h!kl" !!khl" !k!hl"
Truncated square (g) !h!kl" !!hkl" !!k!hl" !khl"

Ditetragonal prism !hk0" !!h!k0" !!kh0" !k!h0"
Truncated square through origin !h!k0" !!hk0" !!k!h0" !kh0"

4 c .m. Tetragonal pyramid !h0l" !!h0l" !0hl" !0!hl"
Square (e)

Tetragonal prism !100" !!100" !010" !0!10"
Square through origin

4 b ..m Tetragonal pyramid !hhl" !!h!hl" !!hhl" !h!hl"
Square (d)

Tetragonal prism !110" !!1!10" !!110" !1!10"
Square through origin

1 a 4mm Pedion or monohedron !001" or !00!1"
Single point (a)

Symmetry of special projections
Along #001$ Along #100$ Along #110$

4mm m m
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422 D4

8 d 1 Tetragonal trapezohedron !hkl" !!h!kl" !!khl" !k!hl"
Twisted tetragonal antiprism (p) !!hk!l" !h!k!l" !kh!l" !!k!h!l"

Ditetragonal prism !hk0" !!h!k0" !!kh0" !k!h0"
Truncated square through origin !!hk0" !h!k0" !kh0" !!k!h0"

Tetragonal dipyramid !h0l" !!h0l" !0hl" !0!hl"
Tetragonal prism !!h0!l" !h0!l" !0h!l" !0!h!l"

Tetragonal dipyramid !hhl" !!h!hl" !!hhl" !h!hl"
Tetragonal prism !!hh!l" !h!h!l" !hh!l" !!h!h!l"

4 c .2. Tetragonal prism !100" !!100" !010" !0!10"
Square through origin (l)

4 b ..2 Tetragonal prism !110" !!1!10" !!110" !1!10"
Square through origin ( j )

2 a 4.. Pinacoid or parallelohedron !001" !00!1"
Line segment through origin (g)

Symmetry of special projections
Along #001$ Along #100$ Along #110$

4mm 2mm 2mm

4mm C4v

8 d 1 Ditetragonal pyramid !hkl" !!h!kl" !!khl" !k!hl"
Truncated square (g) !h!kl" !!hkl" !!k!hl" !khl"

Ditetragonal prism !hk0" !!h!k0" !!kh0" !k!h0"
Truncated square through origin !h!k0" !!hk0" !!k!h0" !kh0"

4 c .m. Tetragonal pyramid !h0l" !!h0l" !0hl" !0!hl"
Square (e)

Tetragonal prism !100" !!100" !010" !0!10"
Square through origin

4 b ..m Tetragonal pyramid !hhl" !!h!hl" !!hhl" !h!hl"
Square (d)

Tetragonal prism !110" !!1!10" !!110" !1!10"
Square through origin

1 a 4mm Pedion or monohedron !001" or !00!1"
Single point (a)

Symmetry of special projections
Along #001$ Along #100$ Along #110$

4mm m m

Table 10.1.2.2. The 32 three-dimensional crystallographic point groups (cont.)
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!6 C3h

6 c 1 Trigonal dipyramid !hkil" !ihkl" !kihl"
Trigonal prism (l) !hki!l" !ihk!l" !kih!l"

3 b m.. Trigonal prism !hki0" !ihk0" !kih0"
Trigon through origin (j)

2 a 3.. Pinacoid or parallelohedron !0001" !000!1"
Line segment through origin (g)

Symmetry of special projections
Along #001$ Along #100$ Along #210$

3 m m

6!m C6h

12 c 1 Hexagonal dipyramid !hkil" !ihkl" !kihl" !!h!k!il" !!i!h!kl" !!k!i!hl"
Hexagonal prism (l) !hki!l" !ihk!l" !kih!l" !!h!k!i!l" !!i!h!k!l" !!k!i!h!l"

6 b m.. Hexagonal prism !hki0" !ihk0" !kih0" !!h!k!i0" !!i!h!k0" !!k!i!h0"
Hexagon through origin ( j )

2 a 6.. Pinacoid or parallelohedron !0001" !000!1"
Line segment through origin (e)

Symmetry of special projections
Along #001$ Along #100$ Along #210$

6 2mm 2mm

622 D6

12 d 1 Hexagonal trapezohedron !hkil" !ihkl" !kihl" !!h!k!il" !!i!h!kl" !!k!i!hl"
Twisted hexagonal antiprism (n) !khi!l" !hik!l" !ikh!l" !!k!h!i!l" !!h!i!k!l" !!i!k!h!l"

Dihexagonal prism !hki0" !ihk0" !kih0" !!h!k!i0" !!i!h!k0" !!k!i!h0"
Truncated hexagon through origin !khi0" !hik0" !ikh0" !!k!h!i0" !!h!i!k0" !!i!k!h0"

Hexagonal dipyramid !h0!hl" !!hh0l" !0!hhl" !!h0hl" !h!h0l" !0h!hl"
Hexagonal prism !0h!h!l" !h!h0!l" !!h0h!l" !0!hh!l" !!hh0!l" !h0!h!l"

Hexagonal dipyramid !hh2hl" !2hhhl" !h2hhl" !!h!h2hl" !2h!h!hl" !!h2h!hl"
Hexagonal prism !hh2h!l" !h2hh!l" !2hhh!l" !!h!h2h!l" !!h2h!h!l" !2h!h!h!l"

6 c ..2 Hexagonal prism !10!10" !!1100" !0!110" !!1010" !1!100" !01!10"
Hexagon through origin (l)

6 b .2. Hexagonal prism !11!20" !!2110" !1!210" !!1!120" !2!1!10" !!12!10"
Hexagon through origin ( j )

2 a 6.. Pinacoid or parallelohedron !0001" !000!1"
Line segment through origin (e)

Symmetry of special projections
Along #001$ Along #100$ Along #210$

6mm 2mm 2mm
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!6 C3h

6 c 1 Trigonal dipyramid !hkil" !ihkl" !kihl"
Trigonal prism (l) !hki!l" !ihk!l" !kih!l"

3 b m.. Trigonal prism !hki0" !ihk0" !kih0"
Trigon through origin (j)

2 a 3.. Pinacoid or parallelohedron !0001" !000!1"
Line segment through origin (g)

Symmetry of special projections
Along #001$ Along #100$ Along #210$

3 m m

6!m C6h

12 c 1 Hexagonal dipyramid !hkil" !ihkl" !kihl" !!h!k!il" !!i!h!kl" !!k!i!hl"
Hexagonal prism (l) !hki!l" !ihk!l" !kih!l" !!h!k!i!l" !!i!h!k!l" !!k!i!h!l"

6 b m.. Hexagonal prism !hki0" !ihk0" !kih0" !!h!k!i0" !!i!h!k0" !!k!i!h0"
Hexagon through origin ( j )

2 a 6.. Pinacoid or parallelohedron !0001" !000!1"
Line segment through origin (e)

Symmetry of special projections
Along #001$ Along #100$ Along #210$

6 2mm 2mm

622 D6

12 d 1 Hexagonal trapezohedron !hkil" !ihkl" !kihl" !!h!k!il" !!i!h!kl" !!k!i!hl"
Twisted hexagonal antiprism (n) !khi!l" !hik!l" !ikh!l" !!k!h!i!l" !!h!i!k!l" !!i!k!h!l"

Dihexagonal prism !hki0" !ihk0" !kih0" !!h!k!i0" !!i!h!k0" !!k!i!h0"
Truncated hexagon through origin !khi0" !hik0" !ikh0" !!k!h!i0" !!h!i!k0" !!i!k!h0"

Hexagonal dipyramid !h0!hl" !!hh0l" !0!hhl" !!h0hl" !h!h0l" !0h!hl"
Hexagonal prism !0h!h!l" !h!h0!l" !!h0h!l" !0!hh!l" !!hh0!l" !h0!h!l"

Hexagonal dipyramid !hh2hl" !2hhhl" !h2hhl" !!h!h2hl" !2h!h!hl" !!h2h!hl"
Hexagonal prism !hh2h!l" !h2hh!l" !2hhh!l" !!h!h2h!l" !!h2h!h!l" !2h!h!h!l"

6 c ..2 Hexagonal prism !10!10" !!1100" !0!110" !!1010" !1!100" !01!10"
Hexagon through origin (l)

6 b .2. Hexagonal prism !11!20" !!2110" !1!210" !!1!120" !2!1!10" !!12!10"
Hexagon through origin ( j )

2 a 6.. Pinacoid or parallelohedron !0001" !000!1"
Line segment through origin (e)

Symmetry of special projections
Along #001$ Along #100$ Along #210$

6mm 2mm 2mm
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432 O

24 d 1 Pentagon-trioctahedron
or gyroid
or pentagon-icositetrahedron
Snub cube!" cube #
octahedron # pentagon-
trioctahedron$ !k$

!hkl$ !!h!kl$ !!hk!l$ !h!k!l$ !kh!l$ !!k!h!l$ !k!hl$ !!khl$
!lhk$ !l!h!k$ !!l!hk$ !!lh!k$ !!lkh$ !!l!k!h$ !lk!h$ !l!kh$
!klh$ !!kl!h$ !k!l!h$ !!k!lh$ !h!lk$ !!h!l!k$ !!hlk$ !hl!k$

Tetragon-trioctahedron
or trapezohedron
or deltoid-icositetrahedron
(for %h% ! %l%)
Cube " octahedron "
rhomb-dodecahedron
!for %x% ! %z%$

Trigon-trioctahedron
or trisoctahedron
(for %h% " %l%$
Cube truncated by octahedron
!for %x% ! %z%$

!
""""""""""""""""""""#

""""""""""""""""""""$

%
""""""""""""""""""""&

""""""""""""""""""""'

!hhl$ !!h!hl$ !!hh!l$ !h!h!l$ !hh!l$ !!h!h!l$ !h!hl$ !!hhl$
!lhh$ !l!h!h$ !!l!hh$ !!lh!h$ !!lhh$ !!l!h!h$ !lh!h$ !l!hh$
!hlh$ !!hl!h$ !h!l!h$ !!h!lh$ !h!lh$ !!h!l!h$ !!hlh$ !hl!h$

Tetrahexahedron
or tetrakishexahedron
Octahedron truncated by cube

!0kl$ !0!kl$ !0k!l$ !0!k!l$ !k0!l$ !!k0!l$ !k0l$ !!k0l$
!l0k$ !l0!k$ !!l0k$ !!l0!k$ !!lk0$ !!l!k0$ !lk0$ !l!k0$
!kl0$ !!kl0$ !k!l0$ !!k!l0$ !0!lk$ !0!l!k$ !0lk$ !0l!k$

12 c ..2 Rhomb-dodecahedron
Cuboctahedron !i$

!011$ !0!11$ !01!1$ !0!1!1$
!101$ !10!1$ !!101$ !!10!1$
!110$ !!110$ !1!10$ !!1!10$

8 b .3. Octahedron
Cube !g$

!111$ !!1!11$ !!11!1$ !1!1!1$
!!1!1!1$ !11!1$ !1!11$ !!111$

6 a 4.. Cube or hexahedron
Octahedron !e$

!100$ !!100$
!010$ !0!10$
!001$ !00!1$

Symmetry of special projections
Along &001' Along &111' Along &110'

4mm 3m 2mm

Table 10.1.2.2. The 32 three-dimensional crystallographic point groups (cont.)
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432 O

24 d 1 Pentagon-trioctahedron
or gyroid
or pentagon-icositetrahedron
Snub cube!" cube #
octahedron # pentagon-
trioctahedron$ !k$

!hkl$ !!h!kl$ !!hk!l$ !h!k!l$ !kh!l$ !!k!h!l$ !k!hl$ !!khl$
!lhk$ !l!h!k$ !!l!hk$ !!lh!k$ !!lkh$ !!l!k!h$ !lk!h$ !l!kh$
!klh$ !!kl!h$ !k!l!h$ !!k!lh$ !h!lk$ !!h!l!k$ !!hlk$ !hl!k$

Tetragon-trioctahedron
or trapezohedron
or deltoid-icositetrahedron
(for %h% ! %l%)
Cube " octahedron "
rhomb-dodecahedron
!for %x% ! %z%$

Trigon-trioctahedron
or trisoctahedron
(for %h% " %l%$
Cube truncated by octahedron
!for %x% ! %z%$

!
""""""""""""""""""""#

""""""""""""""""""""$

%
""""""""""""""""""""&

""""""""""""""""""""'

!hhl$ !!h!hl$ !!hh!l$ !h!h!l$ !hh!l$ !!h!h!l$ !h!hl$ !!hhl$
!lhh$ !l!h!h$ !!l!hh$ !!lh!h$ !!lhh$ !!l!h!h$ !lh!h$ !l!hh$
!hlh$ !!hl!h$ !h!l!h$ !!h!lh$ !h!lh$ !!h!l!h$ !!hlh$ !hl!h$

Tetrahexahedron
or tetrakishexahedron
Octahedron truncated by cube

!0kl$ !0!kl$ !0k!l$ !0!k!l$ !k0!l$ !!k0!l$ !k0l$ !!k0l$
!l0k$ !l0!k$ !!l0k$ !!l0!k$ !!lk0$ !!l!k0$ !lk0$ !l!k0$
!kl0$ !!kl0$ !k!l0$ !!k!l0$ !0!lk$ !0!l!k$ !0lk$ !0l!k$

12 c ..2 Rhomb-dodecahedron
Cuboctahedron !i$

!011$ !0!11$ !01!1$ !0!1!1$
!101$ !10!1$ !!101$ !!10!1$
!110$ !!110$ !1!10$ !!1!10$

8 b .3. Octahedron
Cube !g$

!111$ !!1!11$ !!11!1$ !1!1!1$
!!1!1!1$ !11!1$ !1!11$ !!111$

6 a 4.. Cube or hexahedron
Octahedron !e$

!100$ !!100$
!010$ !0!10$
!001$ !00!1$

Symmetry of special projections
Along &001' Along &111' Along &110'

4mm 3m 2mm

Table 10.1.2.2. The 32 three-dimensional crystallographic point groups (cont.)
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17/12/16	 DLS-CCP4	workshop	 7	

User:	decision	making	

Space	group	assignment	(e.g.	Pointless)	

Reciprocal	space	laTce	
(posiIons	of	reflecIons)		

Mirror	symmetry	is	not	
allowed	in	biological	
macromolecules	

IntensiIes	of	
reflecIons	

IntensiIes	of	axial	
reflecIons	

(Approximate)	
laTce	point	group	

Highest	possible	
crystal	point	group	

Probable		
crystal	point	group	

Probable	
crystal	space	group	

4!mmm
4
m

2
m

2
m

D4h

16 g 1 Ditetragonal dipyramid !hkl" !!h!kl" !!khl" !k!hl"
Edge-truncated tetragonal prism (u) !!hk!l" !h!k!l" !kh!l" !!k!h!l"

!!h!k!l" !hk!l" !k!h!l" !!kh!l"
!h!kl" !!hkl" !!k!hl" !khl"

8 f .m. Tetragonal dipyramid !h0l" !!h0l" !0hl" !0!hl"
Tetragonal prism (s) !!h0!l" !h0!l" !0h!l" !0!h!l"

8 e ..m Tetragonal dipyramid !hhl" !!h!hl" !!hhl" !h!hl"
Tetragonal prism (r) !!hh!l" !h!h!l" !hh!l" !!h!h!l"

8 d m.. Ditetragonal prism !hk0" !!h!k0" !!kh0" !k!h0"
Truncated square through origin (p) !!hk0" !h!k0" !kh0" !!k!h0"

4 c m2m. Tetragonal prism !100" !!100" !010" !0!10"
Square through origin (l)

4 b m.m2 Tetragonal prism !110" !!1!10" !!110" !1!10"
Square through origin ( j )

2 a 4mm Pinacoid or parallelohedron !001" !00!1"
Line segment through origin (g)

Symmetry of special projections
Along #001$ Along #100$ Along #110$

4mm 2mm 2mm

TRIGONAL SYSTEM

3 C3
HEXAGONAL AXES

3 b 1 Trigonal pyramid !hkil" !ihkl" !kihl"
Trigon (d)

Trigonal prism !hki0" !ihk0" !kih0"
Trigon through origin

1 a 3.. Pedion or monohedron !0001" or !000!1"
Single point (a)

Symmetry of special projections
Along #001$ Along #100$ Along #210$

3 1 1

3 C3
RHOMBOHEDRAL AXES

3 b 1 Trigonal pyramid !hkl" !lhk" !klh"
Trigon (b)

Trigonal prism !hk!h%k"" !!h%k"hk" !k!h%k"h"
Trigon through origin

1 a 3. Pedion or monohedron !111" or !!1!1!1"
Single point (a)

Symmetry of special projections
Along #111$ Along #1!10$ Along #2!1!1$

3 1 1

Table 10.1.2.2. The 32 three-dimensional crystallographic point groups (cont.)
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4!mmm
4
m

2
m

2
m

D4h

16 g 1 Ditetragonal dipyramid !hkl" !!h!kl" !!khl" !k!hl"
Edge-truncated tetragonal prism (u) !!hk!l" !h!k!l" !kh!l" !!k!h!l"

!!h!k!l" !hk!l" !k!h!l" !!kh!l"
!h!kl" !!hkl" !!k!hl" !khl"

8 f .m. Tetragonal dipyramid !h0l" !!h0l" !0hl" !0!hl"
Tetragonal prism (s) !!h0!l" !h0!l" !0h!l" !0!h!l"

8 e ..m Tetragonal dipyramid !hhl" !!h!hl" !!hhl" !h!hl"
Tetragonal prism (r) !!hh!l" !h!h!l" !hh!l" !!h!h!l"

8 d m.. Ditetragonal prism !hk0" !!h!k0" !!kh0" !k!h0"
Truncated square through origin (p) !!hk0" !h!k0" !kh0" !!k!h0"

4 c m2m. Tetragonal prism !100" !!100" !010" !0!10"
Square through origin (l)

4 b m.m2 Tetragonal prism !110" !!1!10" !!110" !1!10"
Square through origin ( j )

2 a 4mm Pinacoid or parallelohedron !001" !00!1"
Line segment through origin (g)

Symmetry of special projections
Along #001$ Along #100$ Along #110$

4mm 2mm 2mm

TRIGONAL SYSTEM

3 C3
HEXAGONAL AXES

3 b 1 Trigonal pyramid !hkil" !ihkl" !kihl"
Trigon (d)

Trigonal prism !hki0" !ihk0" !kih0"
Trigon through origin

1 a 3.. Pedion or monohedron !0001" or !000!1"
Single point (a)

Symmetry of special projections
Along #001$ Along #100$ Along #210$

3 1 1

3 C3
RHOMBOHEDRAL AXES

3 b 1 Trigonal pyramid !hkl" !lhk" !klh"
Trigon (b)

Trigonal prism !hk!h%k"" !!h%k"hk" !k!h%k"h"
Trigon through origin

1 a 3. Pedion or monohedron !111" or !!1!1!1"
Single point (a)

Symmetry of special projections
Along #111$ Along #1!10$ Along #2!1!1$

3 1 1

Table 10.1.2.2. The 32 three-dimensional crystallographic point groups (cont.)
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422 D4

8 d 1 Tetragonal trapezohedron !hkl" !!h!kl" !!khl" !k!hl"
Twisted tetragonal antiprism (p) !!hk!l" !h!k!l" !kh!l" !!k!h!l"

Ditetragonal prism !hk0" !!h!k0" !!kh0" !k!h0"
Truncated square through origin !!hk0" !h!k0" !kh0" !!k!h0"

Tetragonal dipyramid !h0l" !!h0l" !0hl" !0!hl"
Tetragonal prism !!h0!l" !h0!l" !0h!l" !0!h!l"

Tetragonal dipyramid !hhl" !!h!hl" !!hhl" !h!hl"
Tetragonal prism !!hh!l" !h!h!l" !hh!l" !!h!h!l"

4 c .2. Tetragonal prism !100" !!100" !010" !0!10"
Square through origin (l)

4 b ..2 Tetragonal prism !110" !!1!10" !!110" !1!10"
Square through origin ( j )

2 a 4.. Pinacoid or parallelohedron !001" !00!1"
Line segment through origin (g)

Symmetry of special projections
Along #001$ Along #100$ Along #110$

4mm 2mm 2mm

4mm C4v

8 d 1 Ditetragonal pyramid !hkl" !!h!kl" !!khl" !k!hl"
Truncated square (g) !h!kl" !!hkl" !!k!hl" !khl"

Ditetragonal prism !hk0" !!h!k0" !!kh0" !k!h0"
Truncated square through origin !h!k0" !!hk0" !!k!h0" !kh0"

4 c .m. Tetragonal pyramid !h0l" !!h0l" !0hl" !0!hl"
Square (e)

Tetragonal prism !100" !!100" !010" !0!10"
Square through origin

4 b ..m Tetragonal pyramid !hhl" !!h!hl" !!hhl" !h!hl"
Square (d)

Tetragonal prism !110" !!1!10" !!110" !1!10"
Square through origin

1 a 4mm Pedion or monohedron !001" or !00!1"
Single point (a)

Symmetry of special projections
Along #001$ Along #100$ Along #110$

4mm m m
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422 D4

8 d 1 Tetragonal trapezohedron !hkl" !!h!kl" !!khl" !k!hl"
Twisted tetragonal antiprism (p) !!hk!l" !h!k!l" !kh!l" !!k!h!l"

Ditetragonal prism !hk0" !!h!k0" !!kh0" !k!h0"
Truncated square through origin !!hk0" !h!k0" !kh0" !!k!h0"

Tetragonal dipyramid !h0l" !!h0l" !0hl" !0!hl"
Tetragonal prism !!h0!l" !h0!l" !0h!l" !0!h!l"

Tetragonal dipyramid !hhl" !!h!hl" !!hhl" !h!hl"
Tetragonal prism !!hh!l" !h!h!l" !hh!l" !!h!h!l"

4 c .2. Tetragonal prism !100" !!100" !010" !0!10"
Square through origin (l)

4 b ..2 Tetragonal prism !110" !!1!10" !!110" !1!10"
Square through origin ( j )

2 a 4.. Pinacoid or parallelohedron !001" !00!1"
Line segment through origin (g)

Symmetry of special projections
Along #001$ Along #100$ Along #110$

4mm 2mm 2mm

4mm C4v

8 d 1 Ditetragonal pyramid !hkl" !!h!kl" !!khl" !k!hl"
Truncated square (g) !h!kl" !!hkl" !!k!hl" !khl"

Ditetragonal prism !hk0" !!h!k0" !!kh0" !k!h0"
Truncated square through origin !h!k0" !!hk0" !!k!h0" !kh0"

4 c .m. Tetragonal pyramid !h0l" !!h0l" !0hl" !0!hl"
Square (e)

Tetragonal prism !100" !!100" !010" !0!10"
Square through origin

4 b ..m Tetragonal pyramid !hhl" !!h!hl" !!hhl" !h!hl"
Square (d)

Tetragonal prism !110" !!1!10" !!110" !1!10"
Square through origin

1 a 4mm Pedion or monohedron !001" or !00!1"
Single point (a)

Symmetry of special projections
Along #001$ Along #100$ Along #110$

4mm m m

Table 10.1.2.2. The 32 three-dimensional crystallographic point groups (cont.)

TETRAGONAL SYSTEM (cont.)
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Table 10.1.2.2. The 32 three-dimensional crystallographic point groups

General, special and limiting face forms and point forms (italics), oriented face and site symmetries, and Miller indices (hkl) of equivalent faces [for trigonal and
hexagonal groups Bravais–Miller indices (hkil) are used if referred to hexagonal axes]; for point coordinates see text.

TRICLINIC SYSTEM

1 C1

1 a 1 Pedion or monohedron (hkl)
Single point (a)

Symmetry of special projections
Along any direction

1

!1 Ci

2 a 1 Pinacoid or parallelohedron !hkl" !!h!k!l"
Line segment through origin (i)

Symmetry of special projections
Along any direction

2

MONOCLINIC SYSTEM

2 C2

Unique axis b Unique axis c
2 b 1 Sphenoid or dihedron !hkl" !!hk!l" !hkl" !!h!kl"

Line segment (e)

Pinacoid or parallelohedron !h0l" !!h0!l" !hk0" !!h!k0"
Line segment through origin

1 a 2 Pedion or monohedron !010" or !0!10" !001" or !00!1"
Single point (a)

Symmetry of special projections
Along [100] Along [010] Along [001]

Unique axis b m 2 m
c m m 2

m Cs

Unique axis b Unique axis c
2 b 1 Dome or dihedron !hkl" !h!kl" !hkl" !hk!l"

Line segment (c)

Pinacoid or parallelohedron !010" !0!10" !001" !00!1"
Line segment through origin

1 a m Pedion or monohedron (h0l) (hk0)
Single point (a)

Symmetry of special projections
Along [100] Along [010] Along [001]

Unique axis b m 1 m
c m m 1

770

10. POINT GROUPS AND CRYSTAL CLASSES

Table 10.1.2.2. The 32 three-dimensional crystallographic point groups

General, special and limiting face forms and point forms (italics), oriented face and site symmetries, and Miller indices (hkl) of equivalent faces [for trigonal and
hexagonal groups Bravais–Miller indices (hkil) are used if referred to hexagonal axes]; for point coordinates see text.

TRICLINIC SYSTEM

1 C1

1 a 1 Pedion or monohedron (hkl)
Single point (a)

Symmetry of special projections
Along any direction

1

!1 Ci

2 a 1 Pinacoid or parallelohedron !hkl" !!h!k!l"
Line segment through origin (i)

Symmetry of special projections
Along any direction

2

MONOCLINIC SYSTEM

2 C2

Unique axis b Unique axis c
2 b 1 Sphenoid or dihedron !hkl" !!hk!l" !hkl" !!h!kl"

Line segment (e)

Pinacoid or parallelohedron !h0l" !!h0!l" !hk0" !!h!k0"
Line segment through origin

1 a 2 Pedion or monohedron !010" or !0!10" !001" or !00!1"
Single point (a)

Symmetry of special projections
Along [100] Along [010] Along [001]

Unique axis b m 2 m
c m m 2

m Cs

Unique axis b Unique axis c
2 b 1 Dome or dihedron !hkl" !h!kl" !hkl" !hk!l"

Line segment (c)

Pinacoid or parallelohedron !010" !0!10" !001" !00!1"
Line segment through origin

1 a m Pedion or monohedron (h0l) (hk0)
Single point (a)

Symmetry of special projections
Along [100] Along [010] Along [001]

Unique axis b m 1 m
c m m 1

770

10. POINT GROUPS AND CRYSTAL CLASSES

P21 C2
2 2 Monoclinic

No. 4 P121 1 Patterson symmetry P12/m1

UNIQUE AXIS b

Origin on 21

Asymmetric unit 0 ≤ x ≤ 1; 0 ≤ y ≤ 1; 0 ≤ z ≤ 1
2

Symmetry operations

(1) 1 (2) 2(0, 1
2 ,0) 0,y,0

120

International Tables for Crystallography (2006). Vol. A, Space group 4, pp. 120–123.
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P21 C2
2 2 Monoclinic

No. 4 P121 1 Patterson symmetry P12/m1

UNIQUE AXIS b

Origin on 21

Asymmetric unit 0 ≤ x ≤ 1; 0 ≤ y ≤ 1; 0 ≤ z ≤ 1
2

Symmetry operations

(1) 1 (2) 2(0, 1
2 ,0) 0,y,0

120
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Copyright © 2006 International Union of Crystallography



17/12/16	 DLS-CCP4	workshop	 8	

Example	
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CCP4I	

Aimless	
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User:	decision	making	

Space	group	assignment	(e.g.	Pointless)	

Reciprocal	space	laTce	
(posiIons	of	reflecIons)		

Mirror	symmetry	is	not	
allowed	in	biological	
macromolecules	

IntensiIes	of	
reflecIons	

IntensiIes	of	axial	
reflecIons	

(Approximate)	
laTce	point	group	

Highest	possible	
crystal	point	group	

Probable		
crystal	point	group	

Probable	
crystal	space	group	

4!mmm
4
m

2
m

2
m

D4h

16 g 1 Ditetragonal dipyramid !hkl" !!h!kl" !!khl" !k!hl"
Edge-truncated tetragonal prism (u) !!hk!l" !h!k!l" !kh!l" !!k!h!l"

!!h!k!l" !hk!l" !k!h!l" !!kh!l"
!h!kl" !!hkl" !!k!hl" !khl"

8 f .m. Tetragonal dipyramid !h0l" !!h0l" !0hl" !0!hl"
Tetragonal prism (s) !!h0!l" !h0!l" !0h!l" !0!h!l"

8 e ..m Tetragonal dipyramid !hhl" !!h!hl" !!hhl" !h!hl"
Tetragonal prism (r) !!hh!l" !h!h!l" !hh!l" !!h!h!l"

8 d m.. Ditetragonal prism !hk0" !!h!k0" !!kh0" !k!h0"
Truncated square through origin (p) !!hk0" !h!k0" !kh0" !!k!h0"

4 c m2m. Tetragonal prism !100" !!100" !010" !0!10"
Square through origin (l)

4 b m.m2 Tetragonal prism !110" !!1!10" !!110" !1!10"
Square through origin ( j )

2 a 4mm Pinacoid or parallelohedron !001" !00!1"
Line segment through origin (g)

Symmetry of special projections
Along #001$ Along #100$ Along #110$

4mm 2mm 2mm

TRIGONAL SYSTEM

3 C3
HEXAGONAL AXES

3 b 1 Trigonal pyramid !hkil" !ihkl" !kihl"
Trigon (d)

Trigonal prism !hki0" !ihk0" !kih0"
Trigon through origin

1 a 3.. Pedion or monohedron !0001" or !000!1"
Single point (a)

Symmetry of special projections
Along #001$ Along #100$ Along #210$

3 1 1

3 C3
RHOMBOHEDRAL AXES

3 b 1 Trigonal pyramid !hkl" !lhk" !klh"
Trigon (b)

Trigonal prism !hk!h%k"" !!h%k"hk" !k!h%k"h"
Trigon through origin

1 a 3. Pedion or monohedron !111" or !!1!1!1"
Single point (a)

Symmetry of special projections
Along #111$ Along #1!10$ Along #2!1!1$

3 1 1

Table 10.1.2.2. The 32 three-dimensional crystallographic point groups (cont.)

TETRAGONAL SYSTEM (cont.)
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4!mmm
4
m

2
m

2
m

D4h

16 g 1 Ditetragonal dipyramid !hkl" !!h!kl" !!khl" !k!hl"
Edge-truncated tetragonal prism (u) !!hk!l" !h!k!l" !kh!l" !!k!h!l"

!!h!k!l" !hk!l" !k!h!l" !!kh!l"
!h!kl" !!hkl" !!k!hl" !khl"

8 f .m. Tetragonal dipyramid !h0l" !!h0l" !0hl" !0!hl"
Tetragonal prism (s) !!h0!l" !h0!l" !0h!l" !0!h!l"

8 e ..m Tetragonal dipyramid !hhl" !!h!hl" !!hhl" !h!hl"
Tetragonal prism (r) !!hh!l" !h!h!l" !hh!l" !!h!h!l"

8 d m.. Ditetragonal prism !hk0" !!h!k0" !!kh0" !k!h0"
Truncated square through origin (p) !!hk0" !h!k0" !kh0" !!k!h0"

4 c m2m. Tetragonal prism !100" !!100" !010" !0!10"
Square through origin (l)

4 b m.m2 Tetragonal prism !110" !!1!10" !!110" !1!10"
Square through origin ( j )

2 a 4mm Pinacoid or parallelohedron !001" !00!1"
Line segment through origin (g)

Symmetry of special projections
Along #001$ Along #100$ Along #110$

4mm 2mm 2mm

TRIGONAL SYSTEM

3 C3
HEXAGONAL AXES

3 b 1 Trigonal pyramid !hkil" !ihkl" !kihl"
Trigon (d)

Trigonal prism !hki0" !ihk0" !kih0"
Trigon through origin

1 a 3.. Pedion or monohedron !0001" or !000!1"
Single point (a)

Symmetry of special projections
Along #001$ Along #100$ Along #210$

3 1 1

3 C3
RHOMBOHEDRAL AXES

3 b 1 Trigonal pyramid !hkl" !lhk" !klh"
Trigon (b)

Trigonal prism !hk!h%k"" !!h%k"hk" !k!h%k"h"
Trigon through origin

1 a 3. Pedion or monohedron !111" or !!1!1!1"
Single point (a)

Symmetry of special projections
Along #111$ Along #1!10$ Along #2!1!1$

3 1 1

Table 10.1.2.2. The 32 three-dimensional crystallographic point groups (cont.)

TETRAGONAL SYSTEM (cont.)
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422 D4

8 d 1 Tetragonal trapezohedron !hkl" !!h!kl" !!khl" !k!hl"
Twisted tetragonal antiprism (p) !!hk!l" !h!k!l" !kh!l" !!k!h!l"

Ditetragonal prism !hk0" !!h!k0" !!kh0" !k!h0"
Truncated square through origin !!hk0" !h!k0" !kh0" !!k!h0"

Tetragonal dipyramid !h0l" !!h0l" !0hl" !0!hl"
Tetragonal prism !!h0!l" !h0!l" !0h!l" !0!h!l"

Tetragonal dipyramid !hhl" !!h!hl" !!hhl" !h!hl"
Tetragonal prism !!hh!l" !h!h!l" !hh!l" !!h!h!l"

4 c .2. Tetragonal prism !100" !!100" !010" !0!10"
Square through origin (l)

4 b ..2 Tetragonal prism !110" !!1!10" !!110" !1!10"
Square through origin ( j )

2 a 4.. Pinacoid or parallelohedron !001" !00!1"
Line segment through origin (g)

Symmetry of special projections
Along #001$ Along #100$ Along #110$

4mm 2mm 2mm

4mm C4v

8 d 1 Ditetragonal pyramid !hkl" !!h!kl" !!khl" !k!hl"
Truncated square (g) !h!kl" !!hkl" !!k!hl" !khl"

Ditetragonal prism !hk0" !!h!k0" !!kh0" !k!h0"
Truncated square through origin !h!k0" !!hk0" !!k!h0" !kh0"

4 c .m. Tetragonal pyramid !h0l" !!h0l" !0hl" !0!hl"
Square (e)

Tetragonal prism !100" !!100" !010" !0!10"
Square through origin

4 b ..m Tetragonal pyramid !hhl" !!h!hl" !!hhl" !h!hl"
Square (d)

Tetragonal prism !110" !!1!10" !!110" !1!10"
Square through origin

1 a 4mm Pedion or monohedron !001" or !00!1"
Single point (a)

Symmetry of special projections
Along #001$ Along #100$ Along #110$

4mm m m

Table 10.1.2.2. The 32 three-dimensional crystallographic point groups (cont.)

TETRAGONAL SYSTEM (cont.)
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422 D4

8 d 1 Tetragonal trapezohedron !hkl" !!h!kl" !!khl" !k!hl"
Twisted tetragonal antiprism (p) !!hk!l" !h!k!l" !kh!l" !!k!h!l"

Ditetragonal prism !hk0" !!h!k0" !!kh0" !k!h0"
Truncated square through origin !!hk0" !h!k0" !kh0" !!k!h0"

Tetragonal dipyramid !h0l" !!h0l" !0hl" !0!hl"
Tetragonal prism !!h0!l" !h0!l" !0h!l" !0!h!l"

Tetragonal dipyramid !hhl" !!h!hl" !!hhl" !h!hl"
Tetragonal prism !!hh!l" !h!h!l" !hh!l" !!h!h!l"

4 c .2. Tetragonal prism !100" !!100" !010" !0!10"
Square through origin (l)

4 b ..2 Tetragonal prism !110" !!1!10" !!110" !1!10"
Square through origin ( j )

2 a 4.. Pinacoid or parallelohedron !001" !00!1"
Line segment through origin (g)

Symmetry of special projections
Along #001$ Along #100$ Along #110$

4mm 2mm 2mm

4mm C4v

8 d 1 Ditetragonal pyramid !hkl" !!h!kl" !!khl" !k!hl"
Truncated square (g) !h!kl" !!hkl" !!k!hl" !khl"

Ditetragonal prism !hk0" !!h!k0" !!kh0" !k!h0"
Truncated square through origin !h!k0" !!hk0" !!k!h0" !kh0"

4 c .m. Tetragonal pyramid !h0l" !!h0l" !0hl" !0!hl"
Square (e)

Tetragonal prism !100" !!100" !010" !0!10"
Square through origin

4 b ..m Tetragonal pyramid !hhl" !!h!hl" !!hhl" !h!hl"
Square (d)

Tetragonal prism !110" !!1!10" !!110" !1!10"
Square through origin

1 a 4mm Pedion or monohedron !001" or !00!1"
Single point (a)

Symmetry of special projections
Along #001$ Along #100$ Along #110$

4mm m m

Table 10.1.2.2. The 32 three-dimensional crystallographic point groups (cont.)

TETRAGONAL SYSTEM (cont.)

774

10. POINT GROUPS AND CRYSTAL CLASSES

Table 10.1.2.2. The 32 three-dimensional crystallographic point groups

General, special and limiting face forms and point forms (italics), oriented face and site symmetries, and Miller indices (hkl) of equivalent faces [for trigonal and
hexagonal groups Bravais–Miller indices (hkil) are used if referred to hexagonal axes]; for point coordinates see text.

TRICLINIC SYSTEM

1 C1

1 a 1 Pedion or monohedron (hkl)
Single point (a)

Symmetry of special projections
Along any direction

1

!1 Ci

2 a 1 Pinacoid or parallelohedron !hkl" !!h!k!l"
Line segment through origin (i)

Symmetry of special projections
Along any direction

2

MONOCLINIC SYSTEM

2 C2

Unique axis b Unique axis c
2 b 1 Sphenoid or dihedron !hkl" !!hk!l" !hkl" !!h!kl"

Line segment (e)

Pinacoid or parallelohedron !h0l" !!h0!l" !hk0" !!h!k0"
Line segment through origin

1 a 2 Pedion or monohedron !010" or !0!10" !001" or !00!1"
Single point (a)

Symmetry of special projections
Along [100] Along [010] Along [001]

Unique axis b m 2 m
c m m 2

m Cs

Unique axis b Unique axis c
2 b 1 Dome or dihedron !hkl" !h!kl" !hkl" !hk!l"

Line segment (c)

Pinacoid or parallelohedron !010" !0!10" !001" !00!1"
Line segment through origin

1 a m Pedion or monohedron (h0l) (hk0)
Single point (a)

Symmetry of special projections
Along [100] Along [010] Along [001]

Unique axis b m 1 m
c m m 1

770

10. POINT GROUPS AND CRYSTAL CLASSES

Table 10.1.2.2. The 32 three-dimensional crystallographic point groups

General, special and limiting face forms and point forms (italics), oriented face and site symmetries, and Miller indices (hkl) of equivalent faces [for trigonal and
hexagonal groups Bravais–Miller indices (hkil) are used if referred to hexagonal axes]; for point coordinates see text.

TRICLINIC SYSTEM

1 C1

1 a 1 Pedion or monohedron (hkl)
Single point (a)

Symmetry of special projections
Along any direction

1

!1 Ci

2 a 1 Pinacoid or parallelohedron !hkl" !!h!k!l"
Line segment through origin (i)

Symmetry of special projections
Along any direction

2

MONOCLINIC SYSTEM

2 C2

Unique axis b Unique axis c
2 b 1 Sphenoid or dihedron !hkl" !!hk!l" !hkl" !!h!kl"

Line segment (e)

Pinacoid or parallelohedron !h0l" !!h0!l" !hk0" !!h!k0"
Line segment through origin

1 a 2 Pedion or monohedron !010" or !0!10" !001" or !00!1"
Single point (a)

Symmetry of special projections
Along [100] Along [010] Along [001]

Unique axis b m 2 m
c m m 2

m Cs

Unique axis b Unique axis c
2 b 1 Dome or dihedron !hkl" !h!kl" !hkl" !hk!l"

Line segment (c)

Pinacoid or parallelohedron !010" !0!10" !001" !00!1"
Line segment through origin

1 a m Pedion or monohedron (h0l) (hk0)
Single point (a)

Symmetry of special projections
Along [100] Along [010] Along [001]

Unique axis b m 1 m
c m m 1

770
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P21 C2
2 2 Monoclinic

No. 4 P121 1 Patterson symmetry P12/m1

UNIQUE AXIS b

Origin on 21

Asymmetric unit 0 ≤ x ≤ 1; 0 ≤ y ≤ 1; 0 ≤ z ≤ 1
2

Symmetry operations

(1) 1 (2) 2(0, 1
2 ,0) 0,y,0

120

International Tables for Crystallography (2006). Vol. A, Space group 4, pp. 120–123.
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P21 C2
2 2 Monoclinic

No. 4 P121 1 Patterson symmetry P12/m1

UNIQUE AXIS b

Origin on 21

Asymmetric unit 0 ≤ x ≤ 1; 0 ≤ y ≤ 1; 0 ≤ z ≤ 1
2

Symmetry operations

(1) 1 (2) 2(0, 1
2 ,0) 0,y,0

120
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CCP4I	

Aimless	
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T
able

10.1.2.2.The
32

three-dim
ensionalcrystallographic

pointgroups

G
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M
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User:	decision	making	

Space	group	assignment	(e.g.	Pointless)	

Reciprocal	space	laTce	
(posiIons	of	reflecIons)		

Mirror	symmetry	is	not	
allowed	in	biological	
macromolecules	

IntensiIes	of	
reflecIons	

IntensiIes	of	axial	
reflecIons	

(Approximate)	
laTce	point	group	

Highest	possible	
crystal	point	group	

Probable		
crystal	point	group	

Probable	
crystal	space	group	

4!mmm
4
m

2
m

2
m

D4h

16 g 1 Ditetragonal dipyramid !hkl" !!h!kl" !!khl" !k!hl"
Edge-truncated tetragonal prism (u) !!hk!l" !h!k!l" !kh!l" !!k!h!l"

!!h!k!l" !hk!l" !k!h!l" !!kh!l"
!h!kl" !!hkl" !!k!hl" !khl"

8 f .m. Tetragonal dipyramid !h0l" !!h0l" !0hl" !0!hl"
Tetragonal prism (s) !!h0!l" !h0!l" !0h!l" !0!h!l"

8 e ..m Tetragonal dipyramid !hhl" !!h!hl" !!hhl" !h!hl"
Tetragonal prism (r) !!hh!l" !h!h!l" !hh!l" !!h!h!l"

8 d m.. Ditetragonal prism !hk0" !!h!k0" !!kh0" !k!h0"
Truncated square through origin (p) !!hk0" !h!k0" !kh0" !!k!h0"

4 c m2m. Tetragonal prism !100" !!100" !010" !0!10"
Square through origin (l)

4 b m.m2 Tetragonal prism !110" !!1!10" !!110" !1!10"
Square through origin ( j )

2 a 4mm Pinacoid or parallelohedron !001" !00!1"
Line segment through origin (g)

Symmetry of special projections
Along #001$ Along #100$ Along #110$

4mm 2mm 2mm

TRIGONAL SYSTEM

3 C3
HEXAGONAL AXES

3 b 1 Trigonal pyramid !hkil" !ihkl" !kihl"
Trigon (d)

Trigonal prism !hki0" !ihk0" !kih0"
Trigon through origin

1 a 3.. Pedion or monohedron !0001" or !000!1"
Single point (a)

Symmetry of special projections
Along #001$ Along #100$ Along #210$

3 1 1

3 C3
RHOMBOHEDRAL AXES

3 b 1 Trigonal pyramid !hkl" !lhk" !klh"
Trigon (b)

Trigonal prism !hk!h%k"" !!h%k"hk" !k!h%k"h"
Trigon through origin

1 a 3. Pedion or monohedron !111" or !!1!1!1"
Single point (a)

Symmetry of special projections
Along #111$ Along #1!10$ Along #2!1!1$

3 1 1

Table 10.1.2.2. The 32 three-dimensional crystallographic point groups (cont.)

TETRAGONAL SYSTEM (cont.)
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4!mmm
4
m

2
m

2
m

D4h

16 g 1 Ditetragonal dipyramid !hkl" !!h!kl" !!khl" !k!hl"
Edge-truncated tetragonal prism (u) !!hk!l" !h!k!l" !kh!l" !!k!h!l"

!!h!k!l" !hk!l" !k!h!l" !!kh!l"
!h!kl" !!hkl" !!k!hl" !khl"

8 f .m. Tetragonal dipyramid !h0l" !!h0l" !0hl" !0!hl"
Tetragonal prism (s) !!h0!l" !h0!l" !0h!l" !0!h!l"

8 e ..m Tetragonal dipyramid !hhl" !!h!hl" !!hhl" !h!hl"
Tetragonal prism (r) !!hh!l" !h!h!l" !hh!l" !!h!h!l"

8 d m.. Ditetragonal prism !hk0" !!h!k0" !!kh0" !k!h0"
Truncated square through origin (p) !!hk0" !h!k0" !kh0" !!k!h0"

4 c m2m. Tetragonal prism !100" !!100" !010" !0!10"
Square through origin (l)

4 b m.m2 Tetragonal prism !110" !!1!10" !!110" !1!10"
Square through origin ( j )

2 a 4mm Pinacoid or parallelohedron !001" !00!1"
Line segment through origin (g)

Symmetry of special projections
Along #001$ Along #100$ Along #110$

4mm 2mm 2mm

TRIGONAL SYSTEM

3 C3
HEXAGONAL AXES

3 b 1 Trigonal pyramid !hkil" !ihkl" !kihl"
Trigon (d)

Trigonal prism !hki0" !ihk0" !kih0"
Trigon through origin

1 a 3.. Pedion or monohedron !0001" or !000!1"
Single point (a)

Symmetry of special projections
Along #001$ Along #100$ Along #210$

3 1 1

3 C3
RHOMBOHEDRAL AXES

3 b 1 Trigonal pyramid !hkl" !lhk" !klh"
Trigon (b)

Trigonal prism !hk!h%k"" !!h%k"hk" !k!h%k"h"
Trigon through origin

1 a 3. Pedion or monohedron !111" or !!1!1!1"
Single point (a)

Symmetry of special projections
Along #111$ Along #1!10$ Along #2!1!1$

3 1 1
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422 D4

8 d 1 Tetragonal trapezohedron !hkl" !!h!kl" !!khl" !k!hl"
Twisted tetragonal antiprism (p) !!hk!l" !h!k!l" !kh!l" !!k!h!l"

Ditetragonal prism !hk0" !!h!k0" !!kh0" !k!h0"
Truncated square through origin !!hk0" !h!k0" !kh0" !!k!h0"

Tetragonal dipyramid !h0l" !!h0l" !0hl" !0!hl"
Tetragonal prism !!h0!l" !h0!l" !0h!l" !0!h!l"

Tetragonal dipyramid !hhl" !!h!hl" !!hhl" !h!hl"
Tetragonal prism !!hh!l" !h!h!l" !hh!l" !!h!h!l"

4 c .2. Tetragonal prism !100" !!100" !010" !0!10"
Square through origin (l)

4 b ..2 Tetragonal prism !110" !!1!10" !!110" !1!10"
Square through origin ( j )

2 a 4.. Pinacoid or parallelohedron !001" !00!1"
Line segment through origin (g)

Symmetry of special projections
Along #001$ Along #100$ Along #110$

4mm 2mm 2mm

4mm C4v

8 d 1 Ditetragonal pyramid !hkl" !!h!kl" !!khl" !k!hl"
Truncated square (g) !h!kl" !!hkl" !!k!hl" !khl"

Ditetragonal prism !hk0" !!h!k0" !!kh0" !k!h0"
Truncated square through origin !h!k0" !!hk0" !!k!h0" !kh0"

4 c .m. Tetragonal pyramid !h0l" !!h0l" !0hl" !0!hl"
Square (e)

Tetragonal prism !100" !!100" !010" !0!10"
Square through origin

4 b ..m Tetragonal pyramid !hhl" !!h!hl" !!hhl" !h!hl"
Square (d)

Tetragonal prism !110" !!1!10" !!110" !1!10"
Square through origin

1 a 4mm Pedion or monohedron !001" or !00!1"
Single point (a)

Symmetry of special projections
Along #001$ Along #100$ Along #110$

4mm m m
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422 D4

8 d 1 Tetragonal trapezohedron !hkl" !!h!kl" !!khl" !k!hl"
Twisted tetragonal antiprism (p) !!hk!l" !h!k!l" !kh!l" !!k!h!l"

Ditetragonal prism !hk0" !!h!k0" !!kh0" !k!h0"
Truncated square through origin !!hk0" !h!k0" !kh0" !!k!h0"

Tetragonal dipyramid !h0l" !!h0l" !0hl" !0!hl"
Tetragonal prism !!h0!l" !h0!l" !0h!l" !0!h!l"

Tetragonal dipyramid !hhl" !!h!hl" !!hhl" !h!hl"
Tetragonal prism !!hh!l" !h!h!l" !hh!l" !!h!h!l"

4 c .2. Tetragonal prism !100" !!100" !010" !0!10"
Square through origin (l)

4 b ..2 Tetragonal prism !110" !!1!10" !!110" !1!10"
Square through origin ( j )

2 a 4.. Pinacoid or parallelohedron !001" !00!1"
Line segment through origin (g)

Symmetry of special projections
Along #001$ Along #100$ Along #110$

4mm 2mm 2mm

4mm C4v

8 d 1 Ditetragonal pyramid !hkl" !!h!kl" !!khl" !k!hl"
Truncated square (g) !h!kl" !!hkl" !!k!hl" !khl"

Ditetragonal prism !hk0" !!h!k0" !!kh0" !k!h0"
Truncated square through origin !h!k0" !!hk0" !!k!h0" !kh0"

4 c .m. Tetragonal pyramid !h0l" !!h0l" !0hl" !0!hl"
Square (e)

Tetragonal prism !100" !!100" !010" !0!10"
Square through origin

4 b ..m Tetragonal pyramid !hhl" !!h!hl" !!hhl" !h!hl"
Square (d)

Tetragonal prism !110" !!1!10" !!110" !1!10"
Square through origin

1 a 4mm Pedion or monohedron !001" or !00!1"
Single point (a)

Symmetry of special projections
Along #001$ Along #100$ Along #110$

4mm m m
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Table 10.1.2.2. The 32 three-dimensional crystallographic point groups

General, special and limiting face forms and point forms (italics), oriented face and site symmetries, and Miller indices (hkl) of equivalent faces [for trigonal and
hexagonal groups Bravais–Miller indices (hkil) are used if referred to hexagonal axes]; for point coordinates see text.

TRICLINIC SYSTEM

1 C1

1 a 1 Pedion or monohedron (hkl)
Single point (a)

Symmetry of special projections
Along any direction

1

!1 Ci

2 a 1 Pinacoid or parallelohedron !hkl" !!h!k!l"
Line segment through origin (i)

Symmetry of special projections
Along any direction

2

MONOCLINIC SYSTEM

2 C2

Unique axis b Unique axis c
2 b 1 Sphenoid or dihedron !hkl" !!hk!l" !hkl" !!h!kl"

Line segment (e)

Pinacoid or parallelohedron !h0l" !!h0!l" !hk0" !!h!k0"
Line segment through origin

1 a 2 Pedion or monohedron !010" or !0!10" !001" or !00!1"
Single point (a)

Symmetry of special projections
Along [100] Along [010] Along [001]

Unique axis b m 2 m
c m m 2

m Cs

Unique axis b Unique axis c
2 b 1 Dome or dihedron !hkl" !h!kl" !hkl" !hk!l"

Line segment (c)

Pinacoid or parallelohedron !010" !0!10" !001" !00!1"
Line segment through origin

1 a m Pedion or monohedron (h0l) (hk0)
Single point (a)

Symmetry of special projections
Along [100] Along [010] Along [001]

Unique axis b m 1 m
c m m 1
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Table 10.1.2.2. The 32 three-dimensional crystallographic point groups

General, special and limiting face forms and point forms (italics), oriented face and site symmetries, and Miller indices (hkl) of equivalent faces [for trigonal and
hexagonal groups Bravais–Miller indices (hkil) are used if referred to hexagonal axes]; for point coordinates see text.

TRICLINIC SYSTEM

1 C1

1 a 1 Pedion or monohedron (hkl)
Single point (a)

Symmetry of special projections
Along any direction

1

!1 Ci

2 a 1 Pinacoid or parallelohedron !hkl" !!h!k!l"
Line segment through origin (i)

Symmetry of special projections
Along any direction

2

MONOCLINIC SYSTEM

2 C2

Unique axis b Unique axis c
2 b 1 Sphenoid or dihedron !hkl" !!hk!l" !hkl" !!h!kl"

Line segment (e)

Pinacoid or parallelohedron !h0l" !!h0!l" !hk0" !!h!k0"
Line segment through origin

1 a 2 Pedion or monohedron !010" or !0!10" !001" or !00!1"
Single point (a)

Symmetry of special projections
Along [100] Along [010] Along [001]

Unique axis b m 2 m
c m m 2

m Cs

Unique axis b Unique axis c
2 b 1 Dome or dihedron !hkl" !h!kl" !hkl" !hk!l"

Line segment (c)

Pinacoid or parallelohedron !010" !0!10" !001" !00!1"
Line segment through origin

1 a m Pedion or monohedron (h0l) (hk0)
Single point (a)

Symmetry of special projections
Along [100] Along [010] Along [001]

Unique axis b m 1 m
c m m 1
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P21 C2
2 2 Monoclinic

No. 4 P121 1 Patterson symmetry P12/m1

UNIQUE AXIS b

Origin on 21

Asymmetric unit 0 ≤ x ≤ 1; 0 ≤ y ≤ 1; 0 ≤ z ≤ 1
2

Symmetry operations

(1) 1 (2) 2(0, 1
2 ,0) 0,y,0
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Aimless	
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	Rmeas				Symm	operation	
	
	0.039					identity	
	0.687					2-fold	l	
	0.039	**		2-fold	k	
	0.690					2-fold	h	
	0.773					2-fold	
	0.786					2-fold	
	1.200					4-fold	l	
	
	
	
			Laue	Group						Rmeas	
	
=	1		P	1	2/m	1		**		0.04	
		2							P	-1						0.04	
		3		C	1	2/m	1						0.25	
		4		C	1	2/m	1						0.24	
		5		P	1	2/m	1						0.23	
		6		P	1	2/m	1						0.23	
		7				P	m	m	m						0.26	
		8						P	4/m						0.43	
		9				C	m	m	m						0.43	
	10		P	4/m	m	m						0.47	

4!mmm
4
m

2
m

2
m

D4h

16 g 1 Ditetragonal dipyramid !hkl" !!h!kl" !!khl" !k!hl"
Edge-truncated tetragonal prism (u) !!hk!l" !h!k!l" !kh!l" !!k!h!l"

!!h!k!l" !hk!l" !k!h!l" !!kh!l"
!h!kl" !!hkl" !!k!hl" !khl"

8 f .m. Tetragonal dipyramid !h0l" !!h0l" !0hl" !0!hl"
Tetragonal prism (s) !!h0!l" !h0!l" !0h!l" !0!h!l"

8 e ..m Tetragonal dipyramid !hhl" !!h!hl" !!hhl" !h!hl"
Tetragonal prism (r) !!hh!l" !h!h!l" !hh!l" !!h!h!l"

8 d m.. Ditetragonal prism !hk0" !!h!k0" !!kh0" !k!h0"
Truncated square through origin (p) !!hk0" !h!k0" !kh0" !!k!h0"

4 c m2m. Tetragonal prism !100" !!100" !010" !0!10"
Square through origin (l)

4 b m.m2 Tetragonal prism !110" !!1!10" !!110" !1!10"
Square through origin ( j )

2 a 4mm Pinacoid or parallelohedron !001" !00!1"
Line segment through origin (g)

Symmetry of special projections
Along #001$ Along #100$ Along #110$

4mm 2mm 2mm

TRIGONAL SYSTEM

3 C3
HEXAGONAL AXES

3 b 1 Trigonal pyramid !hkil" !ihkl" !kihl"
Trigon (d)

Trigonal prism !hki0" !ihk0" !kih0"
Trigon through origin

1 a 3.. Pedion or monohedron !0001" or !000!1"
Single point (a)

Symmetry of special projections
Along #001$ Along #100$ Along #210$

3 1 1

3 C3
RHOMBOHEDRAL AXES

3 b 1 Trigonal pyramid !hkl" !lhk" !klh"
Trigon (b)

Trigonal prism !hk!h%k"" !!h%k"hk" !k!h%k"h"
Trigon through origin

1 a 3. Pedion or monohedron !111" or !!1!1!1"
Single point (a)

Symmetry of special projections
Along #111$ Along #1!10$ Along #2!1!1$

3 1 1

Table 10.1.2.2. The 32 three-dimensional crystallographic point groups (cont.)
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4!mmm
4
m

2
m

2
m

D4h

16 g 1 Ditetragonal dipyramid !hkl" !!h!kl" !!khl" !k!hl"
Edge-truncated tetragonal prism (u) !!hk!l" !h!k!l" !kh!l" !!k!h!l"

!!h!k!l" !hk!l" !k!h!l" !!kh!l"
!h!kl" !!hkl" !!k!hl" !khl"

8 f .m. Tetragonal dipyramid !h0l" !!h0l" !0hl" !0!hl"
Tetragonal prism (s) !!h0!l" !h0!l" !0h!l" !0!h!l"

8 e ..m Tetragonal dipyramid !hhl" !!h!hl" !!hhl" !h!hl"
Tetragonal prism (r) !!hh!l" !h!h!l" !hh!l" !!h!h!l"

8 d m.. Ditetragonal prism !hk0" !!h!k0" !!kh0" !k!h0"
Truncated square through origin (p) !!hk0" !h!k0" !kh0" !!k!h0"

4 c m2m. Tetragonal prism !100" !!100" !010" !0!10"
Square through origin (l)

4 b m.m2 Tetragonal prism !110" !!1!10" !!110" !1!10"
Square through origin ( j )

2 a 4mm Pinacoid or parallelohedron !001" !00!1"
Line segment through origin (g)

Symmetry of special projections
Along #001$ Along #100$ Along #110$

4mm 2mm 2mm

TRIGONAL SYSTEM

3 C3
HEXAGONAL AXES

3 b 1 Trigonal pyramid !hkil" !ihkl" !kihl"
Trigon (d)

Trigonal prism !hki0" !ihk0" !kih0"
Trigon through origin

1 a 3.. Pedion or monohedron !0001" or !000!1"
Single point (a)

Symmetry of special projections
Along #001$ Along #100$ Along #210$

3 1 1

3 C3
RHOMBOHEDRAL AXES

3 b 1 Trigonal pyramid !hkl" !lhk" !klh"
Trigon (b)

Trigonal prism !hk!h%k"" !!h%k"hk" !k!h%k"h"
Trigon through origin

1 a 3. Pedion or monohedron !111" or !!1!1!1"
Single point (a)

Symmetry of special projections
Along #111$ Along #1!10$ Along #2!1!1$

3 1 1

Table 10.1.2.2. The 32 three-dimensional crystallographic point groups (cont.)
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422 D4

8 d 1 Tetragonal trapezohedron !hkl" !!h!kl" !!khl" !k!hl"
Twisted tetragonal antiprism (p) !!hk!l" !h!k!l" !kh!l" !!k!h!l"

Ditetragonal prism !hk0" !!h!k0" !!kh0" !k!h0"
Truncated square through origin !!hk0" !h!k0" !kh0" !!k!h0"

Tetragonal dipyramid !h0l" !!h0l" !0hl" !0!hl"
Tetragonal prism !!h0!l" !h0!l" !0h!l" !0!h!l"

Tetragonal dipyramid !hhl" !!h!hl" !!hhl" !h!hl"
Tetragonal prism !!hh!l" !h!h!l" !hh!l" !!h!h!l"

4 c .2. Tetragonal prism !100" !!100" !010" !0!10"
Square through origin (l)

4 b ..2 Tetragonal prism !110" !!1!10" !!110" !1!10"
Square through origin ( j )

2 a 4.. Pinacoid or parallelohedron !001" !00!1"
Line segment through origin (g)

Symmetry of special projections
Along #001$ Along #100$ Along #110$

4mm 2mm 2mm

4mm C4v

8 d 1 Ditetragonal pyramid !hkl" !!h!kl" !!khl" !k!hl"
Truncated square (g) !h!kl" !!hkl" !!k!hl" !khl"

Ditetragonal prism !hk0" !!h!k0" !!kh0" !k!h0"
Truncated square through origin !h!k0" !!hk0" !!k!h0" !kh0"

4 c .m. Tetragonal pyramid !h0l" !!h0l" !0hl" !0!hl"
Square (e)

Tetragonal prism !100" !!100" !010" !0!10"
Square through origin

4 b ..m Tetragonal pyramid !hhl" !!h!hl" !!hhl" !h!hl"
Square (d)

Tetragonal prism !110" !!1!10" !!110" !1!10"
Square through origin

1 a 4mm Pedion or monohedron !001" or !00!1"
Single point (a)

Symmetry of special projections
Along #001$ Along #100$ Along #110$

4mm m m
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422 D4

8 d 1 Tetragonal trapezohedron !hkl" !!h!kl" !!khl" !k!hl"
Twisted tetragonal antiprism (p) !!hk!l" !h!k!l" !kh!l" !!k!h!l"

Ditetragonal prism !hk0" !!h!k0" !!kh0" !k!h0"
Truncated square through origin !!hk0" !h!k0" !kh0" !!k!h0"

Tetragonal dipyramid !h0l" !!h0l" !0hl" !0!hl"
Tetragonal prism !!h0!l" !h0!l" !0h!l" !0!h!l"

Tetragonal dipyramid !hhl" !!h!hl" !!hhl" !h!hl"
Tetragonal prism !!hh!l" !h!h!l" !hh!l" !!h!h!l"

4 c .2. Tetragonal prism !100" !!100" !010" !0!10"
Square through origin (l)

4 b ..2 Tetragonal prism !110" !!1!10" !!110" !1!10"
Square through origin ( j )

2 a 4.. Pinacoid or parallelohedron !001" !00!1"
Line segment through origin (g)

Symmetry of special projections
Along #001$ Along #100$ Along #110$

4mm 2mm 2mm

4mm C4v

8 d 1 Ditetragonal pyramid !hkl" !!h!kl" !!khl" !k!hl"
Truncated square (g) !h!kl" !!hkl" !!k!hl" !khl"

Ditetragonal prism !hk0" !!h!k0" !!kh0" !k!h0"
Truncated square through origin !h!k0" !!hk0" !!k!h0" !kh0"

4 c .m. Tetragonal pyramid !h0l" !!h0l" !0hl" !0!hl"
Square (e)

Tetragonal prism !100" !!100" !010" !0!10"
Square through origin

4 b ..m Tetragonal pyramid !hhl" !!h!hl" !!hhl" !h!hl"
Square (d)

Tetragonal prism !110" !!1!10" !!110" !1!10"
Square through origin

1 a 4mm Pedion or monohedron !001" or !00!1"
Single point (a)

Symmetry of special projections
Along #001$ Along #100$ Along #110$

4mm m m
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+	inversion	 +	inversion	

Table 10.1.2.2. The 32 three-dimensional crystallographic point groups

General, special and limiting face forms and point forms (italics), oriented face and site symmetries, and Miller indices (hkl) of equivalent faces [for trigonal and
hexagonal groups Bravais–Miller indices (hkil) are used if referred to hexagonal axes]; for point coordinates see text.

TRICLINIC SYSTEM

1 C1

1 a 1 Pedion or monohedron (hkl)
Single point (a)

Symmetry of special projections
Along any direction

1

!1 Ci

2 a 1 Pinacoid or parallelohedron !hkl" !!h!k!l"
Line segment through origin (i)

Symmetry of special projections
Along any direction

2

MONOCLINIC SYSTEM

2 C2

Unique axis b Unique axis c
2 b 1 Sphenoid or dihedron !hkl" !!hk!l" !hkl" !!h!kl"

Line segment (e)

Pinacoid or parallelohedron !h0l" !!h0!l" !hk0" !!h!k0"
Line segment through origin

1 a 2 Pedion or monohedron !010" or !0!10" !001" or !00!1"
Single point (a)

Symmetry of special projections
Along [100] Along [010] Along [001]

Unique axis b m 2 m
c m m 2

m Cs

Unique axis b Unique axis c
2 b 1 Dome or dihedron !hkl" !h!kl" !hkl" !hk!l"

Line segment (c)

Pinacoid or parallelohedron !010" !0!10" !001" !00!1"
Line segment through origin

1 a m Pedion or monohedron (h0l) (hk0)
Single point (a)

Symmetry of special projections
Along [100] Along [010] Along [001]

Unique axis b m 1 m
c m m 1
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Table 10.1.2.2. The 32 three-dimensional crystallographic point groups

General, special and limiting face forms and point forms (italics), oriented face and site symmetries, and Miller indices (hkl) of equivalent faces [for trigonal and
hexagonal groups Bravais–Miller indices (hkil) are used if referred to hexagonal axes]; for point coordinates see text.

TRICLINIC SYSTEM

1 C1

1 a 1 Pedion or monohedron (hkl)
Single point (a)

Symmetry of special projections
Along any direction

1

!1 Ci

2 a 1 Pinacoid or parallelohedron !hkl" !!h!k!l"
Line segment through origin (i)

Symmetry of special projections
Along any direction

2

MONOCLINIC SYSTEM

2 C2

Unique axis b Unique axis c
2 b 1 Sphenoid or dihedron !hkl" !!hk!l" !hkl" !!h!kl"

Line segment (e)

Pinacoid or parallelohedron !h0l" !!h0!l" !hk0" !!h!k0"
Line segment through origin

1 a 2 Pedion or monohedron !010" or !0!10" !001" or !00!1"
Single point (a)

Symmetry of special projections
Along [100] Along [010] Along [001]

Unique axis b m 2 m
c m m 2

m Cs

Unique axis b Unique axis c
2 b 1 Dome or dihedron !hkl" !h!kl" !hkl" !hk!l"

Line segment (c)

Pinacoid or parallelohedron !010" !0!10" !001" !00!1"
Line segment through origin

1 a m Pedion or monohedron (h0l) (hk0)
Single point (a)

Symmetry of special projections
Along [100] Along [010] Along [001]

Unique axis b m 1 m
c m m 1
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Table 10.1.2.2. The 32 three-dimensional crystallographic point groups

General, special and limiting face forms and point forms (italics), oriented face and site symmetries, and Miller indices (hkl) of equivalent faces [for trigonal and
hexagonal groups Bravais–Miller indices (hkil) are used if referred to hexagonal axes]; for point coordinates see text.

TRICLINIC SYSTEM

1 C1

1 a 1 Pedion or monohedron (hkl)
Single point (a)

Symmetry of special projections
Along any direction

1

!1 Ci

2 a 1 Pinacoid or parallelohedron !hkl" !!h!k!l"
Line segment through origin (i)

Symmetry of special projections
Along any direction

2

MONOCLINIC SYSTEM

2 C2

Unique axis b Unique axis c
2 b 1 Sphenoid or dihedron !hkl" !!hk!l" !hkl" !!h!kl"

Line segment (e)

Pinacoid or parallelohedron !h0l" !!h0!l" !hk0" !!h!k0"
Line segment through origin

1 a 2 Pedion or monohedron !010" or !0!10" !001" or !00!1"
Single point (a)

Symmetry of special projections
Along [100] Along [010] Along [001]

Unique axis b m 2 m
c m m 2

m Cs

Unique axis b Unique axis c
2 b 1 Dome or dihedron !hkl" !h!kl" !hkl" !hk!l"

Line segment (c)

Pinacoid or parallelohedron !010" !0!10" !001" !00!1"
Line segment through origin

1 a m Pedion or monohedron (h0l) (hk0)
Single point (a)

Symmetry of special projections
Along [100] Along [010] Along [001]

Unique axis b m 1 m
c m m 1
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Table 10.1.2.2. The 32 three-dimensional crystallographic point groups

General, special and limiting face forms and point forms (italics), oriented face and site symmetries, and Miller indices (hkl) of equivalent faces [for trigonal and
hexagonal groups Bravais–Miller indices (hkil) are used if referred to hexagonal axes]; for point coordinates see text.

TRICLINIC SYSTEM

1 C1

1 a 1 Pedion or monohedron (hkl)
Single point (a)

Symmetry of special projections
Along any direction

1

!1 Ci

2 a 1 Pinacoid or parallelohedron !hkl" !!h!k!l"
Line segment through origin (i)

Symmetry of special projections
Along any direction

2

MONOCLINIC SYSTEM

2 C2

Unique axis b Unique axis c
2 b 1 Sphenoid or dihedron !hkl" !!hk!l" !hkl" !!h!kl"

Line segment (e)

Pinacoid or parallelohedron !h0l" !!h0!l" !hk0" !!h!k0"
Line segment through origin

1 a 2 Pedion or monohedron !010" or !0!10" !001" or !00!1"
Single point (a)

Symmetry of special projections
Along [100] Along [010] Along [001]

Unique axis b m 2 m
c m m 2

m Cs

Unique axis b Unique axis c
2 b 1 Dome or dihedron !hkl" !h!kl" !hkl" !hk!l"

Line segment (c)

Pinacoid or parallelohedron !010" !0!10" !001" !00!1"
Line segment through origin

1 a m Pedion or monohedron (h0l) (hk0)
Single point (a)

Symmetry of special projections
Along [100] Along [010] Along [001]

Unique axis b m 1 m
c m m 1
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2!m C2h

Unique axis b Unique axis c
4 c 1 Rhombic prism !hkl" !!hk!l" !!h!k!l" !h!kl" !hkl" !!h!kl" !!h!k!l" !hk!l"

Rectangle through origin (o)

2 b m Pinacoid or parallelohedron !h0l" !!h0!l" !hk0" !!h!k0"
Line segment through origin (m)

2 a 2 Pinacoid or parallelohedron !010" !0!10" !001" !00!1"
Line segment through origin (i)

Symmetry of special projections
Along #100$ Along #010$ Along #001$

Unique axis b 2mm 2 2mm
c 2mm 2mm 2

ORTHORHOMBIC SYSTEM

222 D2

4 d 1 Rhombic disphenoid or rhombic tetrahedron !hkl" !!h!kl" !!hk!l" !h!k!l"
Rhombic tetrahedron (u)

Rhombic prism !hk0" !!h!k0" !!hk0" !h!k0"
Rectangle through origin

Rhombic prism !h0l" !!h0l" !!h0!l" !h0!l"
Rectangle through origin

Rhombic prism !0kl" !0!kl" !0k!l" !0!k!l"
Rectangle through origin

2 c ..2 Pinacoid or parallelohedron !001" !00!1"
Line segment through origin (q)

2 b .2. Pinacoid or parallelohedron !010" !0!10"
Line segment through origin (m)

2 a 2.. Pinacoid or parallelohedron !100" !!100"
Line segment through origin (i)

Symmetry of special projections
Along #100$ Along #010$ Along #001$

2mm 2mm 2mm

Table 10.1.2.2. The 32 three-dimensional crystallographic point groups (cont.)
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17/12/16	 DLS-CCP4	workshop	 16	

	Rmeas				Symm	operation	
	
	0.039					identity	
	0.687					2-fold	l	
	0.039	**		2-fold	k	
	0.690					2-fold	h	
	0.773					2-fold	
	0.786					2-fold	
	1.200					4-fold	l	
	
	
	
			Laue	Group						Rmeas	
	
=	1		P	1	2/m	1		**		0.04	
>	2							P	-1						0.04	
		3		C	1	2/m	1						0.25	
		4		C	1	2/m	1						0.24	
		5		P	1	2/m	1						0.23	
		6		P	1	2/m	1						0.23	
		7				P	m	m	m						0.26	
		8						P	4/m						0.43	
		9				C	m	m	m						0.43	
	10		P	4/m	m	m						0.47	

4!mmm
4
m

2
m

2
m

D4h

16 g 1 Ditetragonal dipyramid !hkl" !!h!kl" !!khl" !k!hl"
Edge-truncated tetragonal prism (u) !!hk!l" !h!k!l" !kh!l" !!k!h!l"

!!h!k!l" !hk!l" !k!h!l" !!kh!l"
!h!kl" !!hkl" !!k!hl" !khl"

8 f .m. Tetragonal dipyramid !h0l" !!h0l" !0hl" !0!hl"
Tetragonal prism (s) !!h0!l" !h0!l" !0h!l" !0!h!l"

8 e ..m Tetragonal dipyramid !hhl" !!h!hl" !!hhl" !h!hl"
Tetragonal prism (r) !!hh!l" !h!h!l" !hh!l" !!h!h!l"

8 d m.. Ditetragonal prism !hk0" !!h!k0" !!kh0" !k!h0"
Truncated square through origin (p) !!hk0" !h!k0" !kh0" !!k!h0"

4 c m2m. Tetragonal prism !100" !!100" !010" !0!10"
Square through origin (l)

4 b m.m2 Tetragonal prism !110" !!1!10" !!110" !1!10"
Square through origin ( j )

2 a 4mm Pinacoid or parallelohedron !001" !00!1"
Line segment through origin (g)

Symmetry of special projections
Along #001$ Along #100$ Along #110$

4mm 2mm 2mm

TRIGONAL SYSTEM

3 C3
HEXAGONAL AXES

3 b 1 Trigonal pyramid !hkil" !ihkl" !kihl"
Trigon (d)

Trigonal prism !hki0" !ihk0" !kih0"
Trigon through origin

1 a 3.. Pedion or monohedron !0001" or !000!1"
Single point (a)

Symmetry of special projections
Along #001$ Along #100$ Along #210$

3 1 1

3 C3
RHOMBOHEDRAL AXES

3 b 1 Trigonal pyramid !hkl" !lhk" !klh"
Trigon (b)

Trigonal prism !hk!h%k"" !!h%k"hk" !k!h%k"h"
Trigon through origin

1 a 3. Pedion or monohedron !111" or !!1!1!1"
Single point (a)

Symmetry of special projections
Along #111$ Along #1!10$ Along #2!1!1$

3 1 1

Table 10.1.2.2. The 32 three-dimensional crystallographic point groups (cont.)
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4!mmm
4
m

2
m

2
m

D4h

16 g 1 Ditetragonal dipyramid !hkl" !!h!kl" !!khl" !k!hl"
Edge-truncated tetragonal prism (u) !!hk!l" !h!k!l" !kh!l" !!k!h!l"

!!h!k!l" !hk!l" !k!h!l" !!kh!l"
!h!kl" !!hkl" !!k!hl" !khl"

8 f .m. Tetragonal dipyramid !h0l" !!h0l" !0hl" !0!hl"
Tetragonal prism (s) !!h0!l" !h0!l" !0h!l" !0!h!l"

8 e ..m Tetragonal dipyramid !hhl" !!h!hl" !!hhl" !h!hl"
Tetragonal prism (r) !!hh!l" !h!h!l" !hh!l" !!h!h!l"

8 d m.. Ditetragonal prism !hk0" !!h!k0" !!kh0" !k!h0"
Truncated square through origin (p) !!hk0" !h!k0" !kh0" !!k!h0"

4 c m2m. Tetragonal prism !100" !!100" !010" !0!10"
Square through origin (l)

4 b m.m2 Tetragonal prism !110" !!1!10" !!110" !1!10"
Square through origin ( j )

2 a 4mm Pinacoid or parallelohedron !001" !00!1"
Line segment through origin (g)

Symmetry of special projections
Along #001$ Along #100$ Along #110$

4mm 2mm 2mm

TRIGONAL SYSTEM

3 C3
HEXAGONAL AXES

3 b 1 Trigonal pyramid !hkil" !ihkl" !kihl"
Trigon (d)

Trigonal prism !hki0" !ihk0" !kih0"
Trigon through origin

1 a 3.. Pedion or monohedron !0001" or !000!1"
Single point (a)

Symmetry of special projections
Along #001$ Along #100$ Along #210$

3 1 1

3 C3
RHOMBOHEDRAL AXES

3 b 1 Trigonal pyramid !hkl" !lhk" !klh"
Trigon (b)

Trigonal prism !hk!h%k"" !!h%k"hk" !k!h%k"h"
Trigon through origin

1 a 3. Pedion or monohedron !111" or !!1!1!1"
Single point (a)

Symmetry of special projections
Along #111$ Along #1!10$ Along #2!1!1$

3 1 1

Table 10.1.2.2. The 32 three-dimensional crystallographic point groups (cont.)

TETRAGONAL SYSTEM (cont.)
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422 D4

8 d 1 Tetragonal trapezohedron !hkl" !!h!kl" !!khl" !k!hl"
Twisted tetragonal antiprism (p) !!hk!l" !h!k!l" !kh!l" !!k!h!l"

Ditetragonal prism !hk0" !!h!k0" !!kh0" !k!h0"
Truncated square through origin !!hk0" !h!k0" !kh0" !!k!h0"

Tetragonal dipyramid !h0l" !!h0l" !0hl" !0!hl"
Tetragonal prism !!h0!l" !h0!l" !0h!l" !0!h!l"

Tetragonal dipyramid !hhl" !!h!hl" !!hhl" !h!hl"
Tetragonal prism !!hh!l" !h!h!l" !hh!l" !!h!h!l"

4 c .2. Tetragonal prism !100" !!100" !010" !0!10"
Square through origin (l)

4 b ..2 Tetragonal prism !110" !!1!10" !!110" !1!10"
Square through origin ( j )

2 a 4.. Pinacoid or parallelohedron !001" !00!1"
Line segment through origin (g)

Symmetry of special projections
Along #001$ Along #100$ Along #110$

4mm 2mm 2mm

4mm C4v

8 d 1 Ditetragonal pyramid !hkl" !!h!kl" !!khl" !k!hl"
Truncated square (g) !h!kl" !!hkl" !!k!hl" !khl"

Ditetragonal prism !hk0" !!h!k0" !!kh0" !k!h0"
Truncated square through origin !h!k0" !!hk0" !!k!h0" !kh0"

4 c .m. Tetragonal pyramid !h0l" !!h0l" !0hl" !0!hl"
Square (e)

Tetragonal prism !100" !!100" !010" !0!10"
Square through origin

4 b ..m Tetragonal pyramid !hhl" !!h!hl" !!hhl" !h!hl"
Square (d)

Tetragonal prism !110" !!1!10" !!110" !1!10"
Square through origin

1 a 4mm Pedion or monohedron !001" or !00!1"
Single point (a)

Symmetry of special projections
Along #001$ Along #100$ Along #110$

4mm m m

Table 10.1.2.2. The 32 three-dimensional crystallographic point groups (cont.)
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422 D4

8 d 1 Tetragonal trapezohedron !hkl" !!h!kl" !!khl" !k!hl"
Twisted tetragonal antiprism (p) !!hk!l" !h!k!l" !kh!l" !!k!h!l"

Ditetragonal prism !hk0" !!h!k0" !!kh0" !k!h0"
Truncated square through origin !!hk0" !h!k0" !kh0" !!k!h0"

Tetragonal dipyramid !h0l" !!h0l" !0hl" !0!hl"
Tetragonal prism !!h0!l" !h0!l" !0h!l" !0!h!l"

Tetragonal dipyramid !hhl" !!h!hl" !!hhl" !h!hl"
Tetragonal prism !!hh!l" !h!h!l" !hh!l" !!h!h!l"

4 c .2. Tetragonal prism !100" !!100" !010" !0!10"
Square through origin (l)

4 b ..2 Tetragonal prism !110" !!1!10" !!110" !1!10"
Square through origin ( j )

2 a 4.. Pinacoid or parallelohedron !001" !00!1"
Line segment through origin (g)

Symmetry of special projections
Along #001$ Along #100$ Along #110$

4mm 2mm 2mm

4mm C4v

8 d 1 Ditetragonal pyramid !hkl" !!h!kl" !!khl" !k!hl"
Truncated square (g) !h!kl" !!hkl" !!k!hl" !khl"

Ditetragonal prism !hk0" !!h!k0" !!kh0" !k!h0"
Truncated square through origin !h!k0" !!hk0" !!k!h0" !kh0"

4 c .m. Tetragonal pyramid !h0l" !!h0l" !0hl" !0!hl"
Square (e)

Tetragonal prism !100" !!100" !010" !0!10"
Square through origin

4 b ..m Tetragonal pyramid !hhl" !!h!hl" !!hhl" !h!hl"
Square (d)

Tetragonal prism !110" !!1!10" !!110" !1!10"
Square through origin

1 a 4mm Pedion or monohedron !001" or !00!1"
Single point (a)

Symmetry of special projections
Along #001$ Along #100$ Along #110$

4mm m m

Table 10.1.2.2. The 32 three-dimensional crystallographic point groups (cont.)
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Table 10.1.2.2. The 32 three-dimensional crystallographic point groups

General, special and limiting face forms and point forms (italics), oriented face and site symmetries, and Miller indices (hkl) of equivalent faces [for trigonal and
hexagonal groups Bravais–Miller indices (hkil) are used if referred to hexagonal axes]; for point coordinates see text.

TRICLINIC SYSTEM

1 C1

1 a 1 Pedion or monohedron (hkl)
Single point (a)

Symmetry of special projections
Along any direction

1

!1 Ci

2 a 1 Pinacoid or parallelohedron !hkl" !!h!k!l"
Line segment through origin (i)

Symmetry of special projections
Along any direction

2

MONOCLINIC SYSTEM

2 C2

Unique axis b Unique axis c
2 b 1 Sphenoid or dihedron !hkl" !!hk!l" !hkl" !!h!kl"

Line segment (e)

Pinacoid or parallelohedron !h0l" !!h0!l" !hk0" !!h!k0"
Line segment through origin

1 a 2 Pedion or monohedron !010" or !0!10" !001" or !00!1"
Single point (a)

Symmetry of special projections
Along [100] Along [010] Along [001]

Unique axis b m 2 m
c m m 2

m Cs

Unique axis b Unique axis c
2 b 1 Dome or dihedron !hkl" !h!kl" !hkl" !hk!l"

Line segment (c)

Pinacoid or parallelohedron !010" !0!10" !001" !00!1"
Line segment through origin

1 a m Pedion or monohedron (h0l) (hk0)
Single point (a)

Symmetry of special projections
Along [100] Along [010] Along [001]

Unique axis b m 1 m
c m m 1
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Table 10.1.2.2. The 32 three-dimensional crystallographic point groups

General, special and limiting face forms and point forms (italics), oriented face and site symmetries, and Miller indices (hkl) of equivalent faces [for trigonal and
hexagonal groups Bravais–Miller indices (hkil) are used if referred to hexagonal axes]; for point coordinates see text.

TRICLINIC SYSTEM

1 C1

1 a 1 Pedion or monohedron (hkl)
Single point (a)

Symmetry of special projections
Along any direction

1

!1 Ci

2 a 1 Pinacoid or parallelohedron !hkl" !!h!k!l"
Line segment through origin (i)

Symmetry of special projections
Along any direction

2

MONOCLINIC SYSTEM

2 C2

Unique axis b Unique axis c
2 b 1 Sphenoid or dihedron !hkl" !!hk!l" !hkl" !!h!kl"

Line segment (e)

Pinacoid or parallelohedron !h0l" !!h0!l" !hk0" !!h!k0"
Line segment through origin

1 a 2 Pedion or monohedron !010" or !0!10" !001" or !00!1"
Single point (a)

Symmetry of special projections
Along [100] Along [010] Along [001]

Unique axis b m 2 m
c m m 2

m Cs

Unique axis b Unique axis c
2 b 1 Dome or dihedron !hkl" !h!kl" !hkl" !hk!l"

Line segment (c)

Pinacoid or parallelohedron !010" !0!10" !001" !00!1"
Line segment through origin

1 a m Pedion or monohedron (h0l) (hk0)
Single point (a)

Symmetry of special projections
Along [100] Along [010] Along [001]

Unique axis b m 1 m
c m m 1

770

10. POINT GROUPS AND CRYSTAL CLASSES

+	inversion	 +	inversion	

2!m C2h

Unique axis b Unique axis c
4 c 1 Rhombic prism !hkl" !!hk!l" !!h!k!l" !h!kl" !hkl" !!h!kl" !!h!k!l" !hk!l"

Rectangle through origin (o)

2 b m Pinacoid or parallelohedron !h0l" !!h0!l" !hk0" !!h!k0"
Line segment through origin (m)

2 a 2 Pinacoid or parallelohedron !010" !0!10" !001" !00!1"
Line segment through origin (i)

Symmetry of special projections
Along #100$ Along #010$ Along #001$

Unique axis b 2mm 2 2mm
c 2mm 2mm 2

ORTHORHOMBIC SYSTEM

222 D2

4 d 1 Rhombic disphenoid or rhombic tetrahedron !hkl" !!h!kl" !!hk!l" !h!k!l"
Rhombic tetrahedron (u)

Rhombic prism !hk0" !!h!k0" !!hk0" !h!k0"
Rectangle through origin

Rhombic prism !h0l" !!h0l" !!h0!l" !h0!l"
Rectangle through origin

Rhombic prism !0kl" !0!kl" !0k!l" !0!k!l"
Rectangle through origin

2 c ..2 Pinacoid or parallelohedron !001" !00!1"
Line segment through origin (q)

2 b .2. Pinacoid or parallelohedron !010" !0!10"
Line segment through origin (m)

2 a 2.. Pinacoid or parallelohedron !100" !!100"
Line segment through origin (i)

Symmetry of special projections
Along #100$ Along #010$ Along #001$

2mm 2mm 2mm

Table 10.1.2.2. The 32 three-dimensional crystallographic point groups (cont.)
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17/12/16	 DLS-CCP4	workshop	 17	

	Rmeas				Symm	operation	
	
	0.039					identity	
	0.687					2-fold	l	
	0.039	**		2-fold	k	
	0.690					2-fold	h	
	0.773					2-fold	
	0.786					2-fold	
	1.200					4-fold	l	
	
	
	
			Laue	Group						Rmeas	
	
=	1		P	1	2/m	1		**		0.04	
>	2							P	-1						0.04	
		3		C	1	2/m	1						0.25	
		4		C	1	2/m	1						0.24	
		5		P	1	2/m	1						0.23	
		6		P	1	2/m	1						0.23	
		7				P	m	m	m						0.26	
		8						P	4/m						0.43	
		9				C	m	m	m						0.43	
	10		P	4/m	m	m						0.47	

4!mmm
4
m

2
m

2
m

D4h

16 g 1 Ditetragonal dipyramid !hkl" !!h!kl" !!khl" !k!hl"
Edge-truncated tetragonal prism (u) !!hk!l" !h!k!l" !kh!l" !!k!h!l"

!!h!k!l" !hk!l" !k!h!l" !!kh!l"
!h!kl" !!hkl" !!k!hl" !khl"

8 f .m. Tetragonal dipyramid !h0l" !!h0l" !0hl" !0!hl"
Tetragonal prism (s) !!h0!l" !h0!l" !0h!l" !0!h!l"

8 e ..m Tetragonal dipyramid !hhl" !!h!hl" !!hhl" !h!hl"
Tetragonal prism (r) !!hh!l" !h!h!l" !hh!l" !!h!h!l"

8 d m.. Ditetragonal prism !hk0" !!h!k0" !!kh0" !k!h0"
Truncated square through origin (p) !!hk0" !h!k0" !kh0" !!k!h0"

4 c m2m. Tetragonal prism !100" !!100" !010" !0!10"
Square through origin (l)

4 b m.m2 Tetragonal prism !110" !!1!10" !!110" !1!10"
Square through origin ( j )

2 a 4mm Pinacoid or parallelohedron !001" !00!1"
Line segment through origin (g)

Symmetry of special projections
Along #001$ Along #100$ Along #110$

4mm 2mm 2mm

TRIGONAL SYSTEM

3 C3
HEXAGONAL AXES

3 b 1 Trigonal pyramid !hkil" !ihkl" !kihl"
Trigon (d)

Trigonal prism !hki0" !ihk0" !kih0"
Trigon through origin

1 a 3.. Pedion or monohedron !0001" or !000!1"
Single point (a)

Symmetry of special projections
Along #001$ Along #100$ Along #210$

3 1 1

3 C3
RHOMBOHEDRAL AXES

3 b 1 Trigonal pyramid !hkl" !lhk" !klh"
Trigon (b)

Trigonal prism !hk!h%k"" !!h%k"hk" !k!h%k"h"
Trigon through origin

1 a 3. Pedion or monohedron !111" or !!1!1!1"
Single point (a)

Symmetry of special projections
Along #111$ Along #1!10$ Along #2!1!1$

3 1 1

Table 10.1.2.2. The 32 three-dimensional crystallographic point groups (cont.)
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4!mmm
4
m

2
m

2
m

D4h

16 g 1 Ditetragonal dipyramid !hkl" !!h!kl" !!khl" !k!hl"
Edge-truncated tetragonal prism (u) !!hk!l" !h!k!l" !kh!l" !!k!h!l"

!!h!k!l" !hk!l" !k!h!l" !!kh!l"
!h!kl" !!hkl" !!k!hl" !khl"

8 f .m. Tetragonal dipyramid !h0l" !!h0l" !0hl" !0!hl"
Tetragonal prism (s) !!h0!l" !h0!l" !0h!l" !0!h!l"

8 e ..m Tetragonal dipyramid !hhl" !!h!hl" !!hhl" !h!hl"
Tetragonal prism (r) !!hh!l" !h!h!l" !hh!l" !!h!h!l"

8 d m.. Ditetragonal prism !hk0" !!h!k0" !!kh0" !k!h0"
Truncated square through origin (p) !!hk0" !h!k0" !kh0" !!k!h0"

4 c m2m. Tetragonal prism !100" !!100" !010" !0!10"
Square through origin (l)

4 b m.m2 Tetragonal prism !110" !!1!10" !!110" !1!10"
Square through origin ( j )

2 a 4mm Pinacoid or parallelohedron !001" !00!1"
Line segment through origin (g)

Symmetry of special projections
Along #001$ Along #100$ Along #110$

4mm 2mm 2mm

TRIGONAL SYSTEM

3 C3
HEXAGONAL AXES

3 b 1 Trigonal pyramid !hkil" !ihkl" !kihl"
Trigon (d)

Trigonal prism !hki0" !ihk0" !kih0"
Trigon through origin

1 a 3.. Pedion or monohedron !0001" or !000!1"
Single point (a)

Symmetry of special projections
Along #001$ Along #100$ Along #210$

3 1 1

3 C3
RHOMBOHEDRAL AXES

3 b 1 Trigonal pyramid !hkl" !lhk" !klh"
Trigon (b)

Trigonal prism !hk!h%k"" !!h%k"hk" !k!h%k"h"
Trigon through origin

1 a 3. Pedion or monohedron !111" or !!1!1!1"
Single point (a)

Symmetry of special projections
Along #111$ Along #1!10$ Along #2!1!1$

3 1 1

Table 10.1.2.2. The 32 three-dimensional crystallographic point groups (cont.)
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422 D4

8 d 1 Tetragonal trapezohedron !hkl" !!h!kl" !!khl" !k!hl"
Twisted tetragonal antiprism (p) !!hk!l" !h!k!l" !kh!l" !!k!h!l"

Ditetragonal prism !hk0" !!h!k0" !!kh0" !k!h0"
Truncated square through origin !!hk0" !h!k0" !kh0" !!k!h0"

Tetragonal dipyramid !h0l" !!h0l" !0hl" !0!hl"
Tetragonal prism !!h0!l" !h0!l" !0h!l" !0!h!l"

Tetragonal dipyramid !hhl" !!h!hl" !!hhl" !h!hl"
Tetragonal prism !!hh!l" !h!h!l" !hh!l" !!h!h!l"

4 c .2. Tetragonal prism !100" !!100" !010" !0!10"
Square through origin (l)

4 b ..2 Tetragonal prism !110" !!1!10" !!110" !1!10"
Square through origin ( j )

2 a 4.. Pinacoid or parallelohedron !001" !00!1"
Line segment through origin (g)

Symmetry of special projections
Along #001$ Along #100$ Along #110$

4mm 2mm 2mm

4mm C4v

8 d 1 Ditetragonal pyramid !hkl" !!h!kl" !!khl" !k!hl"
Truncated square (g) !h!kl" !!hkl" !!k!hl" !khl"

Ditetragonal prism !hk0" !!h!k0" !!kh0" !k!h0"
Truncated square through origin !h!k0" !!hk0" !!k!h0" !kh0"

4 c .m. Tetragonal pyramid !h0l" !!h0l" !0hl" !0!hl"
Square (e)

Tetragonal prism !100" !!100" !010" !0!10"
Square through origin

4 b ..m Tetragonal pyramid !hhl" !!h!hl" !!hhl" !h!hl"
Square (d)

Tetragonal prism !110" !!1!10" !!110" !1!10"
Square through origin

1 a 4mm Pedion or monohedron !001" or !00!1"
Single point (a)

Symmetry of special projections
Along #001$ Along #100$ Along #110$

4mm m m
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422 D4

8 d 1 Tetragonal trapezohedron !hkl" !!h!kl" !!khl" !k!hl"
Twisted tetragonal antiprism (p) !!hk!l" !h!k!l" !kh!l" !!k!h!l"

Ditetragonal prism !hk0" !!h!k0" !!kh0" !k!h0"
Truncated square through origin !!hk0" !h!k0" !kh0" !!k!h0"

Tetragonal dipyramid !h0l" !!h0l" !0hl" !0!hl"
Tetragonal prism !!h0!l" !h0!l" !0h!l" !0!h!l"

Tetragonal dipyramid !hhl" !!h!hl" !!hhl" !h!hl"
Tetragonal prism !!hh!l" !h!h!l" !hh!l" !!h!h!l"

4 c .2. Tetragonal prism !100" !!100" !010" !0!10"
Square through origin (l)

4 b ..2 Tetragonal prism !110" !!1!10" !!110" !1!10"
Square through origin ( j )

2 a 4.. Pinacoid or parallelohedron !001" !00!1"
Line segment through origin (g)

Symmetry of special projections
Along #001$ Along #100$ Along #110$

4mm 2mm 2mm

4mm C4v

8 d 1 Ditetragonal pyramid !hkl" !!h!kl" !!khl" !k!hl"
Truncated square (g) !h!kl" !!hkl" !!k!hl" !khl"

Ditetragonal prism !hk0" !!h!k0" !!kh0" !k!h0"
Truncated square through origin !h!k0" !!hk0" !!k!h0" !kh0"

4 c .m. Tetragonal pyramid !h0l" !!h0l" !0hl" !0!hl"
Square (e)

Tetragonal prism !100" !!100" !010" !0!10"
Square through origin

4 b ..m Tetragonal pyramid !hhl" !!h!hl" !!hhl" !h!hl"
Square (d)

Tetragonal prism !110" !!1!10" !!110" !1!10"
Square through origin

1 a 4mm Pedion or monohedron !001" or !00!1"
Single point (a)

Symmetry of special projections
Along #001$ Along #100$ Along #110$

4mm m m
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+	inversion	 +	inversion	

2!m C2h

Unique axis b Unique axis c
4 c 1 Rhombic prism !hkl" !!hk!l" !!h!k!l" !h!kl" !hkl" !!h!kl" !!h!k!l" !hk!l"

Rectangle through origin (o)

2 b m Pinacoid or parallelohedron !h0l" !!h0!l" !hk0" !!h!k0"
Line segment through origin (m)

2 a 2 Pinacoid or parallelohedron !010" !0!10" !001" !00!1"
Line segment through origin (i)

Symmetry of special projections
Along #100$ Along #010$ Along #001$

Unique axis b 2mm 2 2mm
c 2mm 2mm 2

ORTHORHOMBIC SYSTEM

222 D2

4 d 1 Rhombic disphenoid or rhombic tetrahedron !hkl" !!h!kl" !!hk!l" !h!k!l"
Rhombic tetrahedron (u)

Rhombic prism !hk0" !!h!k0" !!hk0" !h!k0"
Rectangle through origin

Rhombic prism !h0l" !!h0l" !!h0!l" !h0!l"
Rectangle through origin

Rhombic prism !0kl" !0!kl" !0k!l" !0!k!l"
Rectangle through origin

2 c ..2 Pinacoid or parallelohedron !001" !00!1"
Line segment through origin (q)

2 b .2. Pinacoid or parallelohedron !010" !0!10"
Line segment through origin (m)

2 a 2.. Pinacoid or parallelohedron !100" !!100"
Line segment through origin (i)

Symmetry of special projections
Along #100$ Along #010$ Along #001$

2mm 2mm 2mm
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2!m C2h

Unique axis b Unique axis c
4 c 1 Rhombic prism !hkl" !!hk!l" !!h!k!l" !h!kl" !hkl" !!h!kl" !!h!k!l" !hk!l"

Rectangle through origin (o)

2 b m Pinacoid or parallelohedron !h0l" !!h0!l" !hk0" !!h!k0"
Line segment through origin (m)

2 a 2 Pinacoid or parallelohedron !010" !0!10" !001" !00!1"
Line segment through origin (i)

Symmetry of special projections
Along #100$ Along #010$ Along #001$

Unique axis b 2mm 2 2mm
c 2mm 2mm 2

ORTHORHOMBIC SYSTEM

222 D2

4 d 1 Rhombic disphenoid or rhombic tetrahedron !hkl" !!h!kl" !!hk!l" !h!k!l"
Rhombic tetrahedron (u)

Rhombic prism !hk0" !!h!k0" !!hk0" !h!k0"
Rectangle through origin

Rhombic prism !h0l" !!h0l" !!h0!l" !h0!l"
Rectangle through origin

Rhombic prism !0kl" !0!kl" !0k!l" !0!k!l"
Rectangle through origin

2 c ..2 Pinacoid or parallelohedron !001" !00!1"
Line segment through origin (q)

2 b .2. Pinacoid or parallelohedron !010" !0!10"
Line segment through origin (m)

2 a 2.. Pinacoid or parallelohedron !100" !!100"
Line segment through origin (i)

Symmetry of special projections
Along #100$ Along #010$ Along #001$

2mm 2mm 2mm
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mm2 C2v

4 d 1 Rhombic pyramid !hkl" !!h!kl" !h!kl" !!hkl"
Rectangle (i)

Rhombic prism !hk0" !!h!k0" !h!k0" !!hk0"
Rectangle through origin

2 c m.. Dome or dihedron !0kl" !0!kl"
Line segment (g)

Pinacoid or parallelohedron !010" !0!10"
Line segment through origin

2 b .m. Dome or dihedron !h0l" !!h0l"
Line segment (e)

Pinacoid or parallelohedron !100" !!100"
Line segment through origin

1 a mm2 Pedion or monohedron !001" or !00!1"
Single point (a)

Symmetry of special projections
Along #100$ Along #010$ Along #001$

m m 2mm

m m m
2
m

2
m

2
m

D2h

8 g 1 Rhombic dipyramid !hkl" !!h!kl" !!hk!l" !h!k!l"
Quad (!) !!h!k!l" !hk!l" !h!kl" !!hkl"

4 f ..m Rhombic prism !hk0" !!h!k0" !!hk0" !h!k0"
Rectangle through origin (y)

4 e .m. Rhombic prism !h0l" !!h0l" !!h0!l" !h0!l"
Rectangle through origin (w)

4 d m.. Rhombic prism !0kl" !0!kl" !0k!l" !0!k!l"
Rectangle through origin (u)

2 c mm2 Pinacoid or parallelohedron !001" !00!1"
Line segment through origin (q)

2 b m2m Pinacoid or parallelohedron !010" !0!10"
Line segment through origin (m)

2 a 2mm Pinacoid or parallelohedron !100" !!100"
Line segment through origin (i)

Symmetry of special projections
Along #100$ Along #010$ Along #001$

2mm 2mm 2mm
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mm2 C2v

4 d 1 Rhombic pyramid !hkl" !!h!kl" !h!kl" !!hkl"
Rectangle (i)

Rhombic prism !hk0" !!h!k0" !h!k0" !!hk0"
Rectangle through origin

2 c m.. Dome or dihedron !0kl" !0!kl"
Line segment (g)

Pinacoid or parallelohedron !010" !0!10"
Line segment through origin

2 b .m. Dome or dihedron !h0l" !!h0l"
Line segment (e)

Pinacoid or parallelohedron !100" !!100"
Line segment through origin

1 a mm2 Pedion or monohedron !001" or !00!1"
Single point (a)

Symmetry of special projections
Along #100$ Along #010$ Along #001$

m m 2mm

m m m
2
m

2
m

2
m

D2h

8 g 1 Rhombic dipyramid !hkl" !!h!kl" !!hk!l" !h!k!l"
Quad (!) !!h!k!l" !hk!l" !h!kl" !!hkl"

4 f ..m Rhombic prism !hk0" !!h!k0" !!hk0" !h!k0"
Rectangle through origin (y)

4 e .m. Rhombic prism !h0l" !!h0l" !!h0!l" !h0!l"
Rectangle through origin (w)

4 d m.. Rhombic prism !0kl" !0!kl" !0k!l" !0!k!l"
Rectangle through origin (u)

2 c mm2 Pinacoid or parallelohedron !001" !00!1"
Line segment through origin (q)

2 b m2m Pinacoid or parallelohedron !010" !0!10"
Line segment through origin (m)

2 a 2mm Pinacoid or parallelohedron !100" !!100"
Line segment through origin (i)

Symmetry of special projections
Along #100$ Along #010$ Along #001$

2mm 2mm 2mm

Table 10.1.2.2. The 32 three-dimensional crystallographic point groups (cont.)
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17/12/16	 DLS-CCP4	workshop	 18	

	Rmeas				Symm	operation	
	
	0.039					identity	
	0.687					2-fold	l	
	0.039	**		2-fold	k	
	0.690					2-fold	h	
	0.773					2-fold	
	0.786					2-fold	
	1.200					4-fold	l	
	
	
	
			Laue	Group						Rmeas	
	
=	1		P	1	2/m	1		**		0.04	
>	2							P	-1						0.04	
		3		C	1	2/m	1						0.25	
		4		C	1	2/m	1						0.24	
		5		P	1	2/m	1						0.23	
		6		P	1	2/m	1						0.23	
		7				P	m	m	m						0.26	
		8						P	4/m						0.43	
		9				C	m	m	m						0.43	
	10		P	4/m	m	m						0.47	

4!mmm
4
m

2
m

2
m

D4h

16 g 1 Ditetragonal dipyramid !hkl" !!h!kl" !!khl" !k!hl"
Edge-truncated tetragonal prism (u) !!hk!l" !h!k!l" !kh!l" !!k!h!l"

!!h!k!l" !hk!l" !k!h!l" !!kh!l"
!h!kl" !!hkl" !!k!hl" !khl"

8 f .m. Tetragonal dipyramid !h0l" !!h0l" !0hl" !0!hl"
Tetragonal prism (s) !!h0!l" !h0!l" !0h!l" !0!h!l"

8 e ..m Tetragonal dipyramid !hhl" !!h!hl" !!hhl" !h!hl"
Tetragonal prism (r) !!hh!l" !h!h!l" !hh!l" !!h!h!l"

8 d m.. Ditetragonal prism !hk0" !!h!k0" !!kh0" !k!h0"
Truncated square through origin (p) !!hk0" !h!k0" !kh0" !!k!h0"

4 c m2m. Tetragonal prism !100" !!100" !010" !0!10"
Square through origin (l)

4 b m.m2 Tetragonal prism !110" !!1!10" !!110" !1!10"
Square through origin ( j )

2 a 4mm Pinacoid or parallelohedron !001" !00!1"
Line segment through origin (g)

Symmetry of special projections
Along #001$ Along #100$ Along #110$

4mm 2mm 2mm

TRIGONAL SYSTEM

3 C3
HEXAGONAL AXES

3 b 1 Trigonal pyramid !hkil" !ihkl" !kihl"
Trigon (d)

Trigonal prism !hki0" !ihk0" !kih0"
Trigon through origin

1 a 3.. Pedion or monohedron !0001" or !000!1"
Single point (a)

Symmetry of special projections
Along #001$ Along #100$ Along #210$

3 1 1

3 C3
RHOMBOHEDRAL AXES

3 b 1 Trigonal pyramid !hkl" !lhk" !klh"
Trigon (b)

Trigonal prism !hk!h%k"" !!h%k"hk" !k!h%k"h"
Trigon through origin

1 a 3. Pedion or monohedron !111" or !!1!1!1"
Single point (a)

Symmetry of special projections
Along #111$ Along #1!10$ Along #2!1!1$

3 1 1
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4!mmm
4
m

2
m

2
m

D4h

16 g 1 Ditetragonal dipyramid !hkl" !!h!kl" !!khl" !k!hl"
Edge-truncated tetragonal prism (u) !!hk!l" !h!k!l" !kh!l" !!k!h!l"

!!h!k!l" !hk!l" !k!h!l" !!kh!l"
!h!kl" !!hkl" !!k!hl" !khl"

8 f .m. Tetragonal dipyramid !h0l" !!h0l" !0hl" !0!hl"
Tetragonal prism (s) !!h0!l" !h0!l" !0h!l" !0!h!l"

8 e ..m Tetragonal dipyramid !hhl" !!h!hl" !!hhl" !h!hl"
Tetragonal prism (r) !!hh!l" !h!h!l" !hh!l" !!h!h!l"

8 d m.. Ditetragonal prism !hk0" !!h!k0" !!kh0" !k!h0"
Truncated square through origin (p) !!hk0" !h!k0" !kh0" !!k!h0"

4 c m2m. Tetragonal prism !100" !!100" !010" !0!10"
Square through origin (l)

4 b m.m2 Tetragonal prism !110" !!1!10" !!110" !1!10"
Square through origin ( j )

2 a 4mm Pinacoid or parallelohedron !001" !00!1"
Line segment through origin (g)

Symmetry of special projections
Along #001$ Along #100$ Along #110$

4mm 2mm 2mm

TRIGONAL SYSTEM

3 C3
HEXAGONAL AXES

3 b 1 Trigonal pyramid !hkil" !ihkl" !kihl"
Trigon (d)

Trigonal prism !hki0" !ihk0" !kih0"
Trigon through origin

1 a 3.. Pedion or monohedron !0001" or !000!1"
Single point (a)

Symmetry of special projections
Along #001$ Along #100$ Along #210$

3 1 1

3 C3
RHOMBOHEDRAL AXES

3 b 1 Trigonal pyramid !hkl" !lhk" !klh"
Trigon (b)

Trigonal prism !hk!h%k"" !!h%k"hk" !k!h%k"h"
Trigon through origin

1 a 3. Pedion or monohedron !111" or !!1!1!1"
Single point (a)

Symmetry of special projections
Along #111$ Along #1!10$ Along #2!1!1$

3 1 1
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422 D4

8 d 1 Tetragonal trapezohedron !hkl" !!h!kl" !!khl" !k!hl"
Twisted tetragonal antiprism (p) !!hk!l" !h!k!l" !kh!l" !!k!h!l"

Ditetragonal prism !hk0" !!h!k0" !!kh0" !k!h0"
Truncated square through origin !!hk0" !h!k0" !kh0" !!k!h0"

Tetragonal dipyramid !h0l" !!h0l" !0hl" !0!hl"
Tetragonal prism !!h0!l" !h0!l" !0h!l" !0!h!l"

Tetragonal dipyramid !hhl" !!h!hl" !!hhl" !h!hl"
Tetragonal prism !!hh!l" !h!h!l" !hh!l" !!h!h!l"

4 c .2. Tetragonal prism !100" !!100" !010" !0!10"
Square through origin (l)

4 b ..2 Tetragonal prism !110" !!1!10" !!110" !1!10"
Square through origin ( j )

2 a 4.. Pinacoid or parallelohedron !001" !00!1"
Line segment through origin (g)

Symmetry of special projections
Along #001$ Along #100$ Along #110$

4mm 2mm 2mm

4mm C4v

8 d 1 Ditetragonal pyramid !hkl" !!h!kl" !!khl" !k!hl"
Truncated square (g) !h!kl" !!hkl" !!k!hl" !khl"

Ditetragonal prism !hk0" !!h!k0" !!kh0" !k!h0"
Truncated square through origin !h!k0" !!hk0" !!k!h0" !kh0"

4 c .m. Tetragonal pyramid !h0l" !!h0l" !0hl" !0!hl"
Square (e)

Tetragonal prism !100" !!100" !010" !0!10"
Square through origin

4 b ..m Tetragonal pyramid !hhl" !!h!hl" !!hhl" !h!hl"
Square (d)

Tetragonal prism !110" !!1!10" !!110" !1!10"
Square through origin

1 a 4mm Pedion or monohedron !001" or !00!1"
Single point (a)

Symmetry of special projections
Along #001$ Along #100$ Along #110$

4mm m m
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422 D4

8 d 1 Tetragonal trapezohedron !hkl" !!h!kl" !!khl" !k!hl"
Twisted tetragonal antiprism (p) !!hk!l" !h!k!l" !kh!l" !!k!h!l"

Ditetragonal prism !hk0" !!h!k0" !!kh0" !k!h0"
Truncated square through origin !!hk0" !h!k0" !kh0" !!k!h0"

Tetragonal dipyramid !h0l" !!h0l" !0hl" !0!hl"
Tetragonal prism !!h0!l" !h0!l" !0h!l" !0!h!l"

Tetragonal dipyramid !hhl" !!h!hl" !!hhl" !h!hl"
Tetragonal prism !!hh!l" !h!h!l" !hh!l" !!h!h!l"

4 c .2. Tetragonal prism !100" !!100" !010" !0!10"
Square through origin (l)

4 b ..2 Tetragonal prism !110" !!1!10" !!110" !1!10"
Square through origin ( j )

2 a 4.. Pinacoid or parallelohedron !001" !00!1"
Line segment through origin (g)

Symmetry of special projections
Along #001$ Along #100$ Along #110$

4mm 2mm 2mm

4mm C4v

8 d 1 Ditetragonal pyramid !hkl" !!h!kl" !!khl" !k!hl"
Truncated square (g) !h!kl" !!hkl" !!k!hl" !khl"

Ditetragonal prism !hk0" !!h!k0" !!kh0" !k!h0"
Truncated square through origin !h!k0" !!hk0" !!k!h0" !kh0"

4 c .m. Tetragonal pyramid !h0l" !!h0l" !0hl" !0!hl"
Square (e)

Tetragonal prism !100" !!100" !010" !0!10"
Square through origin

4 b ..m Tetragonal pyramid !hhl" !!h!hl" !!hhl" !h!hl"
Square (d)

Tetragonal prism !110" !!1!10" !!110" !1!10"
Square through origin

1 a 4mm Pedion or monohedron !001" or !00!1"
Single point (a)

Symmetry of special projections
Along #001$ Along #100$ Along #110$

4mm m m
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Table 10.1.2.2. The 32 three-dimensional crystallographic point groups

General, special and limiting face forms and point forms (italics), oriented face and site symmetries, and Miller indices (hkl) of equivalent faces [for trigonal and
hexagonal groups Bravais–Miller indices (hkil) are used if referred to hexagonal axes]; for point coordinates see text.

TRICLINIC SYSTEM

1 C1

1 a 1 Pedion or monohedron (hkl)
Single point (a)

Symmetry of special projections
Along any direction

1

!1 Ci

2 a 1 Pinacoid or parallelohedron !hkl" !!h!k!l"
Line segment through origin (i)

Symmetry of special projections
Along any direction

2

MONOCLINIC SYSTEM

2 C2

Unique axis b Unique axis c
2 b 1 Sphenoid or dihedron !hkl" !!hk!l" !hkl" !!h!kl"

Line segment (e)

Pinacoid or parallelohedron !h0l" !!h0!l" !hk0" !!h!k0"
Line segment through origin

1 a 2 Pedion or monohedron !010" or !0!10" !001" or !00!1"
Single point (a)

Symmetry of special projections
Along [100] Along [010] Along [001]

Unique axis b m 2 m
c m m 2

m Cs

Unique axis b Unique axis c
2 b 1 Dome or dihedron !hkl" !h!kl" !hkl" !hk!l"

Line segment (c)

Pinacoid or parallelohedron !010" !0!10" !001" !00!1"
Line segment through origin

1 a m Pedion or monohedron (h0l) (hk0)
Single point (a)

Symmetry of special projections
Along [100] Along [010] Along [001]

Unique axis b m 1 m
c m m 1
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Table 10.1.2.2. The 32 three-dimensional crystallographic point groups

General, special and limiting face forms and point forms (italics), oriented face and site symmetries, and Miller indices (hkl) of equivalent faces [for trigonal and
hexagonal groups Bravais–Miller indices (hkil) are used if referred to hexagonal axes]; for point coordinates see text.

TRICLINIC SYSTEM

1 C1

1 a 1 Pedion or monohedron (hkl)
Single point (a)

Symmetry of special projections
Along any direction

1

!1 Ci

2 a 1 Pinacoid or parallelohedron !hkl" !!h!k!l"
Line segment through origin (i)

Symmetry of special projections
Along any direction

2

MONOCLINIC SYSTEM

2 C2

Unique axis b Unique axis c
2 b 1 Sphenoid or dihedron !hkl" !!hk!l" !hkl" !!h!kl"

Line segment (e)

Pinacoid or parallelohedron !h0l" !!h0!l" !hk0" !!h!k0"
Line segment through origin

1 a 2 Pedion or monohedron !010" or !0!10" !001" or !00!1"
Single point (a)

Symmetry of special projections
Along [100] Along [010] Along [001]

Unique axis b m 2 m
c m m 2

m Cs

Unique axis b Unique axis c
2 b 1 Dome or dihedron !hkl" !h!kl" !hkl" !hk!l"

Line segment (c)

Pinacoid or parallelohedron !010" !0!10" !001" !00!1"
Line segment through origin

1 a m Pedion or monohedron (h0l) (hk0)
Single point (a)

Symmetry of special projections
Along [100] Along [010] Along [001]

Unique axis b m 1 m
c m m 1
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+	inversion	 +	inversion	

2!m C2h

Unique axis b Unique axis c
4 c 1 Rhombic prism !hkl" !!hk!l" !!h!k!l" !h!kl" !hkl" !!h!kl" !!h!k!l" !hk!l"

Rectangle through origin (o)

2 b m Pinacoid or parallelohedron !h0l" !!h0!l" !hk0" !!h!k0"
Line segment through origin (m)

2 a 2 Pinacoid or parallelohedron !010" !0!10" !001" !00!1"
Line segment through origin (i)

Symmetry of special projections
Along #100$ Along #010$ Along #001$

Unique axis b 2mm 2 2mm
c 2mm 2mm 2

ORTHORHOMBIC SYSTEM

222 D2

4 d 1 Rhombic disphenoid or rhombic tetrahedron !hkl" !!h!kl" !!hk!l" !h!k!l"
Rhombic tetrahedron (u)

Rhombic prism !hk0" !!h!k0" !!hk0" !h!k0"
Rectangle through origin

Rhombic prism !h0l" !!h0l" !!h0!l" !h0!l"
Rectangle through origin

Rhombic prism !0kl" !0!kl" !0k!l" !0!k!l"
Rectangle through origin

2 c ..2 Pinacoid or parallelohedron !001" !00!1"
Line segment through origin (q)

2 b .2. Pinacoid or parallelohedron !010" !0!10"
Line segment through origin (m)

2 a 2.. Pinacoid or parallelohedron !100" !!100"
Line segment through origin (i)

Symmetry of special projections
Along #100$ Along #010$ Along #001$

2mm 2mm 2mm

Table 10.1.2.2. The 32 three-dimensional crystallographic point groups (cont.)
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2!m C2h

Unique axis b Unique axis c
4 c 1 Rhombic prism !hkl" !!hk!l" !!h!k!l" !h!kl" !hkl" !!h!kl" !!h!k!l" !hk!l"

Rectangle through origin (o)

2 b m Pinacoid or parallelohedron !h0l" !!h0!l" !hk0" !!h!k0"
Line segment through origin (m)

2 a 2 Pinacoid or parallelohedron !010" !0!10" !001" !00!1"
Line segment through origin (i)

Symmetry of special projections
Along #100$ Along #010$ Along #001$

Unique axis b 2mm 2 2mm
c 2mm 2mm 2

ORTHORHOMBIC SYSTEM

222 D2

4 d 1 Rhombic disphenoid or rhombic tetrahedron !hkl" !!h!kl" !!hk!l" !h!k!l"
Rhombic tetrahedron (u)

Rhombic prism !hk0" !!h!k0" !!hk0" !h!k0"
Rectangle through origin

Rhombic prism !h0l" !!h0l" !!h0!l" !h0!l"
Rectangle through origin

Rhombic prism !0kl" !0!kl" !0k!l" !0!k!l"
Rectangle through origin

2 c ..2 Pinacoid or parallelohedron !001" !00!1"
Line segment through origin (q)

2 b .2. Pinacoid or parallelohedron !010" !0!10"
Line segment through origin (m)

2 a 2.. Pinacoid or parallelohedron !100" !!100"
Line segment through origin (i)

Symmetry of special projections
Along #100$ Along #010$ Along #001$

2mm 2mm 2mm

Table 10.1.2.2. The 32 three-dimensional crystallographic point groups (cont.)

MONOCLINIC SYSTEM (cont.)
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10.1. CRYSTALLOGRAPHIC AND NONCRYSTALLOGRAPHIC POINT GROUPS

Probable	crystal	point	group	
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User:	decision	making	

Space	group	assignment	(e.g.	Pointless)	

Reciprocal	space	laTce	
(posiIons	of	reflecIons)		

Mirror	symmetry	is	not	
allowed	in	biological	
macromolecules	

IntensiIes	of	
reflecIons	

IntensiIes	of	axial	
reflecIons	

(Approximate)	
laTce	point	group	

Highest	possible	
crystal	point	group	

Probable		
crystal	point	group	

Probable	
crystal	space	group	

4!mmm
4
m

2
m

2
m

D4h

16 g 1 Ditetragonal dipyramid !hkl" !!h!kl" !!khl" !k!hl"
Edge-truncated tetragonal prism (u) !!hk!l" !h!k!l" !kh!l" !!k!h!l"

!!h!k!l" !hk!l" !k!h!l" !!kh!l"
!h!kl" !!hkl" !!k!hl" !khl"

8 f .m. Tetragonal dipyramid !h0l" !!h0l" !0hl" !0!hl"
Tetragonal prism (s) !!h0!l" !h0!l" !0h!l" !0!h!l"

8 e ..m Tetragonal dipyramid !hhl" !!h!hl" !!hhl" !h!hl"
Tetragonal prism (r) !!hh!l" !h!h!l" !hh!l" !!h!h!l"

8 d m.. Ditetragonal prism !hk0" !!h!k0" !!kh0" !k!h0"
Truncated square through origin (p) !!hk0" !h!k0" !kh0" !!k!h0"

4 c m2m. Tetragonal prism !100" !!100" !010" !0!10"
Square through origin (l)

4 b m.m2 Tetragonal prism !110" !!1!10" !!110" !1!10"
Square through origin ( j )

2 a 4mm Pinacoid or parallelohedron !001" !00!1"
Line segment through origin (g)

Symmetry of special projections
Along #001$ Along #100$ Along #110$

4mm 2mm 2mm

TRIGONAL SYSTEM

3 C3
HEXAGONAL AXES

3 b 1 Trigonal pyramid !hkil" !ihkl" !kihl"
Trigon (d)

Trigonal prism !hki0" !ihk0" !kih0"
Trigon through origin

1 a 3.. Pedion or monohedron !0001" or !000!1"
Single point (a)

Symmetry of special projections
Along #001$ Along #100$ Along #210$

3 1 1

3 C3
RHOMBOHEDRAL AXES

3 b 1 Trigonal pyramid !hkl" !lhk" !klh"
Trigon (b)

Trigonal prism !hk!h%k"" !!h%k"hk" !k!h%k"h"
Trigon through origin

1 a 3. Pedion or monohedron !111" or !!1!1!1"
Single point (a)

Symmetry of special projections
Along #111$ Along #1!10$ Along #2!1!1$

3 1 1

Table 10.1.2.2. The 32 three-dimensional crystallographic point groups (cont.)

TETRAGONAL SYSTEM (cont.)
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4!mmm
4
m

2
m

2
m

D4h

16 g 1 Ditetragonal dipyramid !hkl" !!h!kl" !!khl" !k!hl"
Edge-truncated tetragonal prism (u) !!hk!l" !h!k!l" !kh!l" !!k!h!l"

!!h!k!l" !hk!l" !k!h!l" !!kh!l"
!h!kl" !!hkl" !!k!hl" !khl"

8 f .m. Tetragonal dipyramid !h0l" !!h0l" !0hl" !0!hl"
Tetragonal prism (s) !!h0!l" !h0!l" !0h!l" !0!h!l"

8 e ..m Tetragonal dipyramid !hhl" !!h!hl" !!hhl" !h!hl"
Tetragonal prism (r) !!hh!l" !h!h!l" !hh!l" !!h!h!l"

8 d m.. Ditetragonal prism !hk0" !!h!k0" !!kh0" !k!h0"
Truncated square through origin (p) !!hk0" !h!k0" !kh0" !!k!h0"

4 c m2m. Tetragonal prism !100" !!100" !010" !0!10"
Square through origin (l)

4 b m.m2 Tetragonal prism !110" !!1!10" !!110" !1!10"
Square through origin ( j )

2 a 4mm Pinacoid or parallelohedron !001" !00!1"
Line segment through origin (g)

Symmetry of special projections
Along #001$ Along #100$ Along #110$

4mm 2mm 2mm

TRIGONAL SYSTEM

3 C3
HEXAGONAL AXES

3 b 1 Trigonal pyramid !hkil" !ihkl" !kihl"
Trigon (d)

Trigonal prism !hki0" !ihk0" !kih0"
Trigon through origin

1 a 3.. Pedion or monohedron !0001" or !000!1"
Single point (a)

Symmetry of special projections
Along #001$ Along #100$ Along #210$

3 1 1

3 C3
RHOMBOHEDRAL AXES

3 b 1 Trigonal pyramid !hkl" !lhk" !klh"
Trigon (b)

Trigonal prism !hk!h%k"" !!h%k"hk" !k!h%k"h"
Trigon through origin

1 a 3. Pedion or monohedron !111" or !!1!1!1"
Single point (a)

Symmetry of special projections
Along #111$ Along #1!10$ Along #2!1!1$

3 1 1

Table 10.1.2.2. The 32 three-dimensional crystallographic point groups (cont.)

TETRAGONAL SYSTEM (cont.)
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422 D4

8 d 1 Tetragonal trapezohedron !hkl" !!h!kl" !!khl" !k!hl"
Twisted tetragonal antiprism (p) !!hk!l" !h!k!l" !kh!l" !!k!h!l"

Ditetragonal prism !hk0" !!h!k0" !!kh0" !k!h0"
Truncated square through origin !!hk0" !h!k0" !kh0" !!k!h0"

Tetragonal dipyramid !h0l" !!h0l" !0hl" !0!hl"
Tetragonal prism !!h0!l" !h0!l" !0h!l" !0!h!l"

Tetragonal dipyramid !hhl" !!h!hl" !!hhl" !h!hl"
Tetragonal prism !!hh!l" !h!h!l" !hh!l" !!h!h!l"

4 c .2. Tetragonal prism !100" !!100" !010" !0!10"
Square through origin (l)

4 b ..2 Tetragonal prism !110" !!1!10" !!110" !1!10"
Square through origin ( j )

2 a 4.. Pinacoid or parallelohedron !001" !00!1"
Line segment through origin (g)

Symmetry of special projections
Along #001$ Along #100$ Along #110$

4mm 2mm 2mm

4mm C4v

8 d 1 Ditetragonal pyramid !hkl" !!h!kl" !!khl" !k!hl"
Truncated square (g) !h!kl" !!hkl" !!k!hl" !khl"

Ditetragonal prism !hk0" !!h!k0" !!kh0" !k!h0"
Truncated square through origin !h!k0" !!hk0" !!k!h0" !kh0"

4 c .m. Tetragonal pyramid !h0l" !!h0l" !0hl" !0!hl"
Square (e)

Tetragonal prism !100" !!100" !010" !0!10"
Square through origin

4 b ..m Tetragonal pyramid !hhl" !!h!hl" !!hhl" !h!hl"
Square (d)

Tetragonal prism !110" !!1!10" !!110" !1!10"
Square through origin

1 a 4mm Pedion or monohedron !001" or !00!1"
Single point (a)

Symmetry of special projections
Along #001$ Along #100$ Along #110$

4mm m m

Table 10.1.2.2. The 32 three-dimensional crystallographic point groups (cont.)
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422 D4

8 d 1 Tetragonal trapezohedron !hkl" !!h!kl" !!khl" !k!hl"
Twisted tetragonal antiprism (p) !!hk!l" !h!k!l" !kh!l" !!k!h!l"

Ditetragonal prism !hk0" !!h!k0" !!kh0" !k!h0"
Truncated square through origin !!hk0" !h!k0" !kh0" !!k!h0"

Tetragonal dipyramid !h0l" !!h0l" !0hl" !0!hl"
Tetragonal prism !!h0!l" !h0!l" !0h!l" !0!h!l"

Tetragonal dipyramid !hhl" !!h!hl" !!hhl" !h!hl"
Tetragonal prism !!hh!l" !h!h!l" !hh!l" !!h!h!l"

4 c .2. Tetragonal prism !100" !!100" !010" !0!10"
Square through origin (l)

4 b ..2 Tetragonal prism !110" !!1!10" !!110" !1!10"
Square through origin ( j )

2 a 4.. Pinacoid or parallelohedron !001" !00!1"
Line segment through origin (g)

Symmetry of special projections
Along #001$ Along #100$ Along #110$

4mm 2mm 2mm

4mm C4v

8 d 1 Ditetragonal pyramid !hkl" !!h!kl" !!khl" !k!hl"
Truncated square (g) !h!kl" !!hkl" !!k!hl" !khl"

Ditetragonal prism !hk0" !!h!k0" !!kh0" !k!h0"
Truncated square through origin !h!k0" !!hk0" !!k!h0" !kh0"

4 c .m. Tetragonal pyramid !h0l" !!h0l" !0hl" !0!hl"
Square (e)

Tetragonal prism !100" !!100" !010" !0!10"
Square through origin

4 b ..m Tetragonal pyramid !hhl" !!h!hl" !!hhl" !h!hl"
Square (d)

Tetragonal prism !110" !!1!10" !!110" !1!10"
Square through origin

1 a 4mm Pedion or monohedron !001" or !00!1"
Single point (a)

Symmetry of special projections
Along #001$ Along #100$ Along #110$

4mm m m

Table 10.1.2.2. The 32 three-dimensional crystallographic point groups (cont.)
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Table 10.1.2.2. The 32 three-dimensional crystallographic point groups

General, special and limiting face forms and point forms (italics), oriented face and site symmetries, and Miller indices (hkl) of equivalent faces [for trigonal and
hexagonal groups Bravais–Miller indices (hkil) are used if referred to hexagonal axes]; for point coordinates see text.

TRICLINIC SYSTEM

1 C1

1 a 1 Pedion or monohedron (hkl)
Single point (a)

Symmetry of special projections
Along any direction

1

!1 Ci

2 a 1 Pinacoid or parallelohedron !hkl" !!h!k!l"
Line segment through origin (i)

Symmetry of special projections
Along any direction

2

MONOCLINIC SYSTEM

2 C2

Unique axis b Unique axis c
2 b 1 Sphenoid or dihedron !hkl" !!hk!l" !hkl" !!h!kl"

Line segment (e)

Pinacoid or parallelohedron !h0l" !!h0!l" !hk0" !!h!k0"
Line segment through origin

1 a 2 Pedion or monohedron !010" or !0!10" !001" or !00!1"
Single point (a)

Symmetry of special projections
Along [100] Along [010] Along [001]

Unique axis b m 2 m
c m m 2

m Cs

Unique axis b Unique axis c
2 b 1 Dome or dihedron !hkl" !h!kl" !hkl" !hk!l"

Line segment (c)

Pinacoid or parallelohedron !010" !0!10" !001" !00!1"
Line segment through origin

1 a m Pedion or monohedron (h0l) (hk0)
Single point (a)

Symmetry of special projections
Along [100] Along [010] Along [001]

Unique axis b m 1 m
c m m 1
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Table 10.1.2.2. The 32 three-dimensional crystallographic point groups

General, special and limiting face forms and point forms (italics), oriented face and site symmetries, and Miller indices (hkl) of equivalent faces [for trigonal and
hexagonal groups Bravais–Miller indices (hkil) are used if referred to hexagonal axes]; for point coordinates see text.

TRICLINIC SYSTEM

1 C1

1 a 1 Pedion or monohedron (hkl)
Single point (a)

Symmetry of special projections
Along any direction

1

!1 Ci

2 a 1 Pinacoid or parallelohedron !hkl" !!h!k!l"
Line segment through origin (i)

Symmetry of special projections
Along any direction

2

MONOCLINIC SYSTEM

2 C2

Unique axis b Unique axis c
2 b 1 Sphenoid or dihedron !hkl" !!hk!l" !hkl" !!h!kl"

Line segment (e)

Pinacoid or parallelohedron !h0l" !!h0!l" !hk0" !!h!k0"
Line segment through origin

1 a 2 Pedion or monohedron !010" or !0!10" !001" or !00!1"
Single point (a)

Symmetry of special projections
Along [100] Along [010] Along [001]

Unique axis b m 2 m
c m m 2

m Cs

Unique axis b Unique axis c
2 b 1 Dome or dihedron !hkl" !h!kl" !hkl" !hk!l"

Line segment (c)

Pinacoid or parallelohedron !010" !0!10" !001" !00!1"
Line segment through origin

1 a m Pedion or monohedron (h0l) (hk0)
Single point (a)

Symmetry of special projections
Along [100] Along [010] Along [001]

Unique axis b m 1 m
c m m 1
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P21 C2
2 2 Monoclinic

No. 4 P121 1 Patterson symmetry P12/m1

UNIQUE AXIS b

Origin on 21

Asymmetric unit 0 ≤ x ≤ 1; 0 ≤ y ≤ 1; 0 ≤ z ≤ 1
2

Symmetry operations

(1) 1 (2) 2(0, 1
2 ,0) 0,y,0

120

International Tables for Crystallography (2006). Vol. A, Space group 4, pp. 120–123.
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P21 C2
2 2 Monoclinic

No. 4 P121 1 Patterson symmetry P12/m1

UNIQUE AXIS b

Origin on 21

Asymmetric unit 0 ≤ x ≤ 1; 0 ≤ y ≤ 1; 0 ≤ z ≤ 1
2

Symmetry operations

(1) 1 (2) 2(0, 1
2 ,0) 0,y,0

120

International Tables for Crystallography (2006). Vol. A, Space group 4, pp. 120–123.

Copyright © 2006 International Union of Crystallography
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CCP4I	

Aimless	

Axial	reflecIons	...	
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CCP4I	

Aimless	

Space	group	P	1	21	1	
Unit	cell	...	
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User:	decision	making	

Space	group	assignment	(e.g.	Pointless)	

Reciprocal	space	laTce	
(posiIons	of	reflecIons)		

Mirror	symmetry	is	not	
allowed	in	biological	
macromolecules	

IntensiIes	of	
reflecIons	

IntensiIes	of	axial	
reflecIons	

(Approximate)	
laTce	point	group	

Highest	possible	
crystal	point	group	

Probable		
crystal	point	group	

Probable	
crystal	space	group	

4!mmm
4
m

2
m

2
m

D4h

16 g 1 Ditetragonal dipyramid !hkl" !!h!kl" !!khl" !k!hl"
Edge-truncated tetragonal prism (u) !!hk!l" !h!k!l" !kh!l" !!k!h!l"

!!h!k!l" !hk!l" !k!h!l" !!kh!l"
!h!kl" !!hkl" !!k!hl" !khl"

8 f .m. Tetragonal dipyramid !h0l" !!h0l" !0hl" !0!hl"
Tetragonal prism (s) !!h0!l" !h0!l" !0h!l" !0!h!l"

8 e ..m Tetragonal dipyramid !hhl" !!h!hl" !!hhl" !h!hl"
Tetragonal prism (r) !!hh!l" !h!h!l" !hh!l" !!h!h!l"

8 d m.. Ditetragonal prism !hk0" !!h!k0" !!kh0" !k!h0"
Truncated square through origin (p) !!hk0" !h!k0" !kh0" !!k!h0"

4 c m2m. Tetragonal prism !100" !!100" !010" !0!10"
Square through origin (l)

4 b m.m2 Tetragonal prism !110" !!1!10" !!110" !1!10"
Square through origin ( j )

2 a 4mm Pinacoid or parallelohedron !001" !00!1"
Line segment through origin (g)

Symmetry of special projections
Along #001$ Along #100$ Along #110$

4mm 2mm 2mm

TRIGONAL SYSTEM

3 C3
HEXAGONAL AXES

3 b 1 Trigonal pyramid !hkil" !ihkl" !kihl"
Trigon (d)

Trigonal prism !hki0" !ihk0" !kih0"
Trigon through origin

1 a 3.. Pedion or monohedron !0001" or !000!1"
Single point (a)

Symmetry of special projections
Along #001$ Along #100$ Along #210$

3 1 1

3 C3
RHOMBOHEDRAL AXES

3 b 1 Trigonal pyramid !hkl" !lhk" !klh"
Trigon (b)

Trigonal prism !hk!h%k"" !!h%k"hk" !k!h%k"h"
Trigon through origin

1 a 3. Pedion or monohedron !111" or !!1!1!1"
Single point (a)

Symmetry of special projections
Along #111$ Along #1!10$ Along #2!1!1$

3 1 1

Table 10.1.2.2. The 32 three-dimensional crystallographic point groups (cont.)

TETRAGONAL SYSTEM (cont.)
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4!mmm
4
m

2
m

2
m

D4h

16 g 1 Ditetragonal dipyramid !hkl" !!h!kl" !!khl" !k!hl"
Edge-truncated tetragonal prism (u) !!hk!l" !h!k!l" !kh!l" !!k!h!l"

!!h!k!l" !hk!l" !k!h!l" !!kh!l"
!h!kl" !!hkl" !!k!hl" !khl"

8 f .m. Tetragonal dipyramid !h0l" !!h0l" !0hl" !0!hl"
Tetragonal prism (s) !!h0!l" !h0!l" !0h!l" !0!h!l"

8 e ..m Tetragonal dipyramid !hhl" !!h!hl" !!hhl" !h!hl"
Tetragonal prism (r) !!hh!l" !h!h!l" !hh!l" !!h!h!l"

8 d m.. Ditetragonal prism !hk0" !!h!k0" !!kh0" !k!h0"
Truncated square through origin (p) !!hk0" !h!k0" !kh0" !!k!h0"

4 c m2m. Tetragonal prism !100" !!100" !010" !0!10"
Square through origin (l)

4 b m.m2 Tetragonal prism !110" !!1!10" !!110" !1!10"
Square through origin ( j )

2 a 4mm Pinacoid or parallelohedron !001" !00!1"
Line segment through origin (g)

Symmetry of special projections
Along #001$ Along #100$ Along #110$

4mm 2mm 2mm

TRIGONAL SYSTEM

3 C3
HEXAGONAL AXES

3 b 1 Trigonal pyramid !hkil" !ihkl" !kihl"
Trigon (d)

Trigonal prism !hki0" !ihk0" !kih0"
Trigon through origin

1 a 3.. Pedion or monohedron !0001" or !000!1"
Single point (a)

Symmetry of special projections
Along #001$ Along #100$ Along #210$

3 1 1

3 C3
RHOMBOHEDRAL AXES

3 b 1 Trigonal pyramid !hkl" !lhk" !klh"
Trigon (b)

Trigonal prism !hk!h%k"" !!h%k"hk" !k!h%k"h"
Trigon through origin

1 a 3. Pedion or monohedron !111" or !!1!1!1"
Single point (a)

Symmetry of special projections
Along #111$ Along #1!10$ Along #2!1!1$

3 1 1

Table 10.1.2.2. The 32 three-dimensional crystallographic point groups (cont.)
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422 D4

8 d 1 Tetragonal trapezohedron !hkl" !!h!kl" !!khl" !k!hl"
Twisted tetragonal antiprism (p) !!hk!l" !h!k!l" !kh!l" !!k!h!l"

Ditetragonal prism !hk0" !!h!k0" !!kh0" !k!h0"
Truncated square through origin !!hk0" !h!k0" !kh0" !!k!h0"

Tetragonal dipyramid !h0l" !!h0l" !0hl" !0!hl"
Tetragonal prism !!h0!l" !h0!l" !0h!l" !0!h!l"

Tetragonal dipyramid !hhl" !!h!hl" !!hhl" !h!hl"
Tetragonal prism !!hh!l" !h!h!l" !hh!l" !!h!h!l"

4 c .2. Tetragonal prism !100" !!100" !010" !0!10"
Square through origin (l)

4 b ..2 Tetragonal prism !110" !!1!10" !!110" !1!10"
Square through origin ( j )

2 a 4.. Pinacoid or parallelohedron !001" !00!1"
Line segment through origin (g)

Symmetry of special projections
Along #001$ Along #100$ Along #110$

4mm 2mm 2mm

4mm C4v

8 d 1 Ditetragonal pyramid !hkl" !!h!kl" !!khl" !k!hl"
Truncated square (g) !h!kl" !!hkl" !!k!hl" !khl"

Ditetragonal prism !hk0" !!h!k0" !!kh0" !k!h0"
Truncated square through origin !h!k0" !!hk0" !!k!h0" !kh0"

4 c .m. Tetragonal pyramid !h0l" !!h0l" !0hl" !0!hl"
Square (e)

Tetragonal prism !100" !!100" !010" !0!10"
Square through origin

4 b ..m Tetragonal pyramid !hhl" !!h!hl" !!hhl" !h!hl"
Square (d)

Tetragonal prism !110" !!1!10" !!110" !1!10"
Square through origin

1 a 4mm Pedion or monohedron !001" or !00!1"
Single point (a)

Symmetry of special projections
Along #001$ Along #100$ Along #110$

4mm m m

Table 10.1.2.2. The 32 three-dimensional crystallographic point groups (cont.)
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422 D4

8 d 1 Tetragonal trapezohedron !hkl" !!h!kl" !!khl" !k!hl"
Twisted tetragonal antiprism (p) !!hk!l" !h!k!l" !kh!l" !!k!h!l"

Ditetragonal prism !hk0" !!h!k0" !!kh0" !k!h0"
Truncated square through origin !!hk0" !h!k0" !kh0" !!k!h0"

Tetragonal dipyramid !h0l" !!h0l" !0hl" !0!hl"
Tetragonal prism !!h0!l" !h0!l" !0h!l" !0!h!l"

Tetragonal dipyramid !hhl" !!h!hl" !!hhl" !h!hl"
Tetragonal prism !!hh!l" !h!h!l" !hh!l" !!h!h!l"

4 c .2. Tetragonal prism !100" !!100" !010" !0!10"
Square through origin (l)

4 b ..2 Tetragonal prism !110" !!1!10" !!110" !1!10"
Square through origin ( j )

2 a 4.. Pinacoid or parallelohedron !001" !00!1"
Line segment through origin (g)

Symmetry of special projections
Along #001$ Along #100$ Along #110$

4mm 2mm 2mm

4mm C4v

8 d 1 Ditetragonal pyramid !hkl" !!h!kl" !!khl" !k!hl"
Truncated square (g) !h!kl" !!hkl" !!k!hl" !khl"

Ditetragonal prism !hk0" !!h!k0" !!kh0" !k!h0"
Truncated square through origin !h!k0" !!hk0" !!k!h0" !kh0"

4 c .m. Tetragonal pyramid !h0l" !!h0l" !0hl" !0!hl"
Square (e)

Tetragonal prism !100" !!100" !010" !0!10"
Square through origin

4 b ..m Tetragonal pyramid !hhl" !!h!hl" !!hhl" !h!hl"
Square (d)

Tetragonal prism !110" !!1!10" !!110" !1!10"
Square through origin

1 a 4mm Pedion or monohedron !001" or !00!1"
Single point (a)

Symmetry of special projections
Along #001$ Along #100$ Along #110$

4mm m m

Table 10.1.2.2. The 32 three-dimensional crystallographic point groups (cont.)
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Table 10.1.2.2. The 32 three-dimensional crystallographic point groups

General, special and limiting face forms and point forms (italics), oriented face and site symmetries, and Miller indices (hkl) of equivalent faces [for trigonal and
hexagonal groups Bravais–Miller indices (hkil) are used if referred to hexagonal axes]; for point coordinates see text.

TRICLINIC SYSTEM

1 C1

1 a 1 Pedion or monohedron (hkl)
Single point (a)

Symmetry of special projections
Along any direction

1

!1 Ci

2 a 1 Pinacoid or parallelohedron !hkl" !!h!k!l"
Line segment through origin (i)

Symmetry of special projections
Along any direction

2

MONOCLINIC SYSTEM

2 C2

Unique axis b Unique axis c
2 b 1 Sphenoid or dihedron !hkl" !!hk!l" !hkl" !!h!kl"

Line segment (e)

Pinacoid or parallelohedron !h0l" !!h0!l" !hk0" !!h!k0"
Line segment through origin

1 a 2 Pedion or monohedron !010" or !0!10" !001" or !00!1"
Single point (a)

Symmetry of special projections
Along [100] Along [010] Along [001]

Unique axis b m 2 m
c m m 2

m Cs

Unique axis b Unique axis c
2 b 1 Dome or dihedron !hkl" !h!kl" !hkl" !hk!l"

Line segment (c)

Pinacoid or parallelohedron !010" !0!10" !001" !00!1"
Line segment through origin

1 a m Pedion or monohedron (h0l) (hk0)
Single point (a)

Symmetry of special projections
Along [100] Along [010] Along [001]

Unique axis b m 1 m
c m m 1
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Table 10.1.2.2. The 32 three-dimensional crystallographic point groups

General, special and limiting face forms and point forms (italics), oriented face and site symmetries, and Miller indices (hkl) of equivalent faces [for trigonal and
hexagonal groups Bravais–Miller indices (hkil) are used if referred to hexagonal axes]; for point coordinates see text.

TRICLINIC SYSTEM

1 C1

1 a 1 Pedion or monohedron (hkl)
Single point (a)

Symmetry of special projections
Along any direction

1

!1 Ci

2 a 1 Pinacoid or parallelohedron !hkl" !!h!k!l"
Line segment through origin (i)

Symmetry of special projections
Along any direction

2

MONOCLINIC SYSTEM

2 C2

Unique axis b Unique axis c
2 b 1 Sphenoid or dihedron !hkl" !!hk!l" !hkl" !!h!kl"

Line segment (e)

Pinacoid or parallelohedron !h0l" !!h0!l" !hk0" !!h!k0"
Line segment through origin

1 a 2 Pedion or monohedron !010" or !0!10" !001" or !00!1"
Single point (a)

Symmetry of special projections
Along [100] Along [010] Along [001]

Unique axis b m 2 m
c m m 2

m Cs

Unique axis b Unique axis c
2 b 1 Dome or dihedron !hkl" !h!kl" !hkl" !hk!l"

Line segment (c)

Pinacoid or parallelohedron !010" !0!10" !001" !00!1"
Line segment through origin

1 a m Pedion or monohedron (h0l) (hk0)
Single point (a)

Symmetry of special projections
Along [100] Along [010] Along [001]

Unique axis b m 1 m
c m m 1
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P21 C2
2 2 Monoclinic

No. 4 P121 1 Patterson symmetry P12/m1

UNIQUE AXIS b

Origin on 21

Asymmetric unit 0 ≤ x ≤ 1; 0 ≤ y ≤ 1; 0 ≤ z ≤ 1
2

Symmetry operations

(1) 1 (2) 2(0, 1
2 ,0) 0,y,0
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P21 C2
2 2 Monoclinic

No. 4 P121 1 Patterson symmetry P12/m1

UNIQUE AXIS b

Origin on 21

Asymmetric unit 0 ≤ x ≤ 1; 0 ≤ y ≤ 1; 0 ≤ z ≤ 1
2

Symmetry operations

(1) 1 (2) 2(0, 1
2 ,0) 0,y,0
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CCP4I	

Aimless	

L-test	for	twinning	
(no	twinning)	
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CCP4I	

Aimless	

H-test	for	twinning	
(no	twinning)	
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	Rmeas				Symm	operation	
	
	0.039					identity	
	0.687					2-fold	l	
	0.039	**		2-fold	k	
	0.690					2-fold	h	
	0.773					2-fold	
	0.786					2-fold	
	1.200					4-fold	l	
	
	
	
			Laue	Group						Rmeas	
	
=	1		P	1	2/m	1		**		0.04	
>	2							P	-1						0.04	
		3		C	1	2/m	1						0.25	
		4		C	1	2/m	1						0.24	
		5		P	1	2/m	1						0.23	
		6		P	1	2/m	1						0.23	
		7				P	m	m	m						0.26	
		8						P	4/m						0.43	
		9				C	m	m	m						0.43	
	10		P	4/m	m	m						0.47	

4!mmm
4
m

2
m

2
m

D4h

16 g 1 Ditetragonal dipyramid !hkl" !!h!kl" !!khl" !k!hl"
Edge-truncated tetragonal prism (u) !!hk!l" !h!k!l" !kh!l" !!k!h!l"

!!h!k!l" !hk!l" !k!h!l" !!kh!l"
!h!kl" !!hkl" !!k!hl" !khl"

8 f .m. Tetragonal dipyramid !h0l" !!h0l" !0hl" !0!hl"
Tetragonal prism (s) !!h0!l" !h0!l" !0h!l" !0!h!l"

8 e ..m Tetragonal dipyramid !hhl" !!h!hl" !!hhl" !h!hl"
Tetragonal prism (r) !!hh!l" !h!h!l" !hh!l" !!h!h!l"

8 d m.. Ditetragonal prism !hk0" !!h!k0" !!kh0" !k!h0"
Truncated square through origin (p) !!hk0" !h!k0" !kh0" !!k!h0"

4 c m2m. Tetragonal prism !100" !!100" !010" !0!10"
Square through origin (l)

4 b m.m2 Tetragonal prism !110" !!1!10" !!110" !1!10"
Square through origin ( j )

2 a 4mm Pinacoid or parallelohedron !001" !00!1"
Line segment through origin (g)

Symmetry of special projections
Along #001$ Along #100$ Along #110$

4mm 2mm 2mm

TRIGONAL SYSTEM

3 C3
HEXAGONAL AXES

3 b 1 Trigonal pyramid !hkil" !ihkl" !kihl"
Trigon (d)

Trigonal prism !hki0" !ihk0" !kih0"
Trigon through origin

1 a 3.. Pedion or monohedron !0001" or !000!1"
Single point (a)

Symmetry of special projections
Along #001$ Along #100$ Along #210$

3 1 1

3 C3
RHOMBOHEDRAL AXES

3 b 1 Trigonal pyramid !hkl" !lhk" !klh"
Trigon (b)

Trigonal prism !hk!h%k"" !!h%k"hk" !k!h%k"h"
Trigon through origin

1 a 3. Pedion or monohedron !111" or !!1!1!1"
Single point (a)

Symmetry of special projections
Along #111$ Along #1!10$ Along #2!1!1$

3 1 1

Table 10.1.2.2. The 32 three-dimensional crystallographic point groups (cont.)

TETRAGONAL SYSTEM (cont.)
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4!mmm
4
m

2
m

2
m

D4h

16 g 1 Ditetragonal dipyramid !hkl" !!h!kl" !!khl" !k!hl"
Edge-truncated tetragonal prism (u) !!hk!l" !h!k!l" !kh!l" !!k!h!l"

!!h!k!l" !hk!l" !k!h!l" !!kh!l"
!h!kl" !!hkl" !!k!hl" !khl"

8 f .m. Tetragonal dipyramid !h0l" !!h0l" !0hl" !0!hl"
Tetragonal prism (s) !!h0!l" !h0!l" !0h!l" !0!h!l"

8 e ..m Tetragonal dipyramid !hhl" !!h!hl" !!hhl" !h!hl"
Tetragonal prism (r) !!hh!l" !h!h!l" !hh!l" !!h!h!l"

8 d m.. Ditetragonal prism !hk0" !!h!k0" !!kh0" !k!h0"
Truncated square through origin (p) !!hk0" !h!k0" !kh0" !!k!h0"

4 c m2m. Tetragonal prism !100" !!100" !010" !0!10"
Square through origin (l)

4 b m.m2 Tetragonal prism !110" !!1!10" !!110" !1!10"
Square through origin ( j )

2 a 4mm Pinacoid or parallelohedron !001" !00!1"
Line segment through origin (g)

Symmetry of special projections
Along #001$ Along #100$ Along #110$

4mm 2mm 2mm

TRIGONAL SYSTEM

3 C3
HEXAGONAL AXES

3 b 1 Trigonal pyramid !hkil" !ihkl" !kihl"
Trigon (d)

Trigonal prism !hki0" !ihk0" !kih0"
Trigon through origin

1 a 3.. Pedion or monohedron !0001" or !000!1"
Single point (a)

Symmetry of special projections
Along #001$ Along #100$ Along #210$

3 1 1

3 C3
RHOMBOHEDRAL AXES

3 b 1 Trigonal pyramid !hkl" !lhk" !klh"
Trigon (b)

Trigonal prism !hk!h%k"" !!h%k"hk" !k!h%k"h"
Trigon through origin

1 a 3. Pedion or monohedron !111" or !!1!1!1"
Single point (a)

Symmetry of special projections
Along #111$ Along #1!10$ Along #2!1!1$

3 1 1

Table 10.1.2.2. The 32 three-dimensional crystallographic point groups (cont.)
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422 D4

8 d 1 Tetragonal trapezohedron !hkl" !!h!kl" !!khl" !k!hl"
Twisted tetragonal antiprism (p) !!hk!l" !h!k!l" !kh!l" !!k!h!l"

Ditetragonal prism !hk0" !!h!k0" !!kh0" !k!h0"
Truncated square through origin !!hk0" !h!k0" !kh0" !!k!h0"

Tetragonal dipyramid !h0l" !!h0l" !0hl" !0!hl"
Tetragonal prism !!h0!l" !h0!l" !0h!l" !0!h!l"

Tetragonal dipyramid !hhl" !!h!hl" !!hhl" !h!hl"
Tetragonal prism !!hh!l" !h!h!l" !hh!l" !!h!h!l"

4 c .2. Tetragonal prism !100" !!100" !010" !0!10"
Square through origin (l)

4 b ..2 Tetragonal prism !110" !!1!10" !!110" !1!10"
Square through origin ( j )

2 a 4.. Pinacoid or parallelohedron !001" !00!1"
Line segment through origin (g)

Symmetry of special projections
Along #001$ Along #100$ Along #110$

4mm 2mm 2mm

4mm C4v

8 d 1 Ditetragonal pyramid !hkl" !!h!kl" !!khl" !k!hl"
Truncated square (g) !h!kl" !!hkl" !!k!hl" !khl"

Ditetragonal prism !hk0" !!h!k0" !!kh0" !k!h0"
Truncated square through origin !h!k0" !!hk0" !!k!h0" !kh0"

4 c .m. Tetragonal pyramid !h0l" !!h0l" !0hl" !0!hl"
Square (e)

Tetragonal prism !100" !!100" !010" !0!10"
Square through origin

4 b ..m Tetragonal pyramid !hhl" !!h!hl" !!hhl" !h!hl"
Square (d)

Tetragonal prism !110" !!1!10" !!110" !1!10"
Square through origin

1 a 4mm Pedion or monohedron !001" or !00!1"
Single point (a)

Symmetry of special projections
Along #001$ Along #100$ Along #110$

4mm m m

Table 10.1.2.2. The 32 three-dimensional crystallographic point groups (cont.)
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422 D4

8 d 1 Tetragonal trapezohedron !hkl" !!h!kl" !!khl" !k!hl"
Twisted tetragonal antiprism (p) !!hk!l" !h!k!l" !kh!l" !!k!h!l"

Ditetragonal prism !hk0" !!h!k0" !!kh0" !k!h0"
Truncated square through origin !!hk0" !h!k0" !kh0" !!k!h0"

Tetragonal dipyramid !h0l" !!h0l" !0hl" !0!hl"
Tetragonal prism !!h0!l" !h0!l" !0h!l" !0!h!l"

Tetragonal dipyramid !hhl" !!h!hl" !!hhl" !h!hl"
Tetragonal prism !!hh!l" !h!h!l" !hh!l" !!h!h!l"

4 c .2. Tetragonal prism !100" !!100" !010" !0!10"
Square through origin (l)

4 b ..2 Tetragonal prism !110" !!1!10" !!110" !1!10"
Square through origin ( j )

2 a 4.. Pinacoid or parallelohedron !001" !00!1"
Line segment through origin (g)

Symmetry of special projections
Along #001$ Along #100$ Along #110$

4mm 2mm 2mm

4mm C4v

8 d 1 Ditetragonal pyramid !hkl" !!h!kl" !!khl" !k!hl"
Truncated square (g) !h!kl" !!hkl" !!k!hl" !khl"

Ditetragonal prism !hk0" !!h!k0" !!kh0" !k!h0"
Truncated square through origin !h!k0" !!hk0" !!k!h0" !kh0"

4 c .m. Tetragonal pyramid !h0l" !!h0l" !0hl" !0!hl"
Square (e)

Tetragonal prism !100" !!100" !010" !0!10"
Square through origin

4 b ..m Tetragonal pyramid !hhl" !!h!hl" !!hhl" !h!hl"
Square (d)

Tetragonal prism !110" !!1!10" !!110" !1!10"
Square through origin

1 a 4mm Pedion or monohedron !001" or !00!1"
Single point (a)

Symmetry of special projections
Along #001$ Along #100$ Along #110$

4mm m m

Table 10.1.2.2. The 32 three-dimensional crystallographic point groups (cont.)
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Table 10.1.2.2. The 32 three-dimensional crystallographic point groups

General, special and limiting face forms and point forms (italics), oriented face and site symmetries, and Miller indices (hkl) of equivalent faces [for trigonal and
hexagonal groups Bravais–Miller indices (hkil) are used if referred to hexagonal axes]; for point coordinates see text.

TRICLINIC SYSTEM

1 C1

1 a 1 Pedion or monohedron (hkl)
Single point (a)

Symmetry of special projections
Along any direction

1

!1 Ci

2 a 1 Pinacoid or parallelohedron !hkl" !!h!k!l"
Line segment through origin (i)

Symmetry of special projections
Along any direction

2

MONOCLINIC SYSTEM

2 C2

Unique axis b Unique axis c
2 b 1 Sphenoid or dihedron !hkl" !!hk!l" !hkl" !!h!kl"

Line segment (e)

Pinacoid or parallelohedron !h0l" !!h0!l" !hk0" !!h!k0"
Line segment through origin

1 a 2 Pedion or monohedron !010" or !0!10" !001" or !00!1"
Single point (a)

Symmetry of special projections
Along [100] Along [010] Along [001]

Unique axis b m 2 m
c m m 2

m Cs

Unique axis b Unique axis c
2 b 1 Dome or dihedron !hkl" !h!kl" !hkl" !hk!l"

Line segment (c)

Pinacoid or parallelohedron !010" !0!10" !001" !00!1"
Line segment through origin

1 a m Pedion or monohedron (h0l) (hk0)
Single point (a)

Symmetry of special projections
Along [100] Along [010] Along [001]

Unique axis b m 1 m
c m m 1
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Table 10.1.2.2. The 32 three-dimensional crystallographic point groups

General, special and limiting face forms and point forms (italics), oriented face and site symmetries, and Miller indices (hkl) of equivalent faces [for trigonal and
hexagonal groups Bravais–Miller indices (hkil) are used if referred to hexagonal axes]; for point coordinates see text.

TRICLINIC SYSTEM

1 C1

1 a 1 Pedion or monohedron (hkl)
Single point (a)

Symmetry of special projections
Along any direction

1

!1 Ci

2 a 1 Pinacoid or parallelohedron !hkl" !!h!k!l"
Line segment through origin (i)

Symmetry of special projections
Along any direction

2

MONOCLINIC SYSTEM

2 C2

Unique axis b Unique axis c
2 b 1 Sphenoid or dihedron !hkl" !!hk!l" !hkl" !!h!kl"

Line segment (e)

Pinacoid or parallelohedron !h0l" !!h0!l" !hk0" !!h!k0"
Line segment through origin

1 a 2 Pedion or monohedron !010" or !0!10" !001" or !00!1"
Single point (a)

Symmetry of special projections
Along [100] Along [010] Along [001]

Unique axis b m 2 m
c m m 2

m Cs

Unique axis b Unique axis c
2 b 1 Dome or dihedron !hkl" !h!kl" !hkl" !hk!l"

Line segment (c)

Pinacoid or parallelohedron !010" !0!10" !001" !00!1"
Line segment through origin

1 a m Pedion or monohedron (h0l) (hk0)
Single point (a)

Symmetry of special projections
Along [100] Along [010] Along [001]

Unique axis b m 1 m
c m m 1
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+	inversion	 +	inversion	

2!m C2h

Unique axis b Unique axis c
4 c 1 Rhombic prism !hkl" !!hk!l" !!h!k!l" !h!kl" !hkl" !!h!kl" !!h!k!l" !hk!l"

Rectangle through origin (o)

2 b m Pinacoid or parallelohedron !h0l" !!h0!l" !hk0" !!h!k0"
Line segment through origin (m)

2 a 2 Pinacoid or parallelohedron !010" !0!10" !001" !00!1"
Line segment through origin (i)

Symmetry of special projections
Along #100$ Along #010$ Along #001$

Unique axis b 2mm 2 2mm
c 2mm 2mm 2

ORTHORHOMBIC SYSTEM

222 D2

4 d 1 Rhombic disphenoid or rhombic tetrahedron !hkl" !!h!kl" !!hk!l" !h!k!l"
Rhombic tetrahedron (u)

Rhombic prism !hk0" !!h!k0" !!hk0" !h!k0"
Rectangle through origin

Rhombic prism !h0l" !!h0l" !!h0!l" !h0!l"
Rectangle through origin

Rhombic prism !0kl" !0!kl" !0k!l" !0!k!l"
Rectangle through origin

2 c ..2 Pinacoid or parallelohedron !001" !00!1"
Line segment through origin (q)

2 b .2. Pinacoid or parallelohedron !010" !0!10"
Line segment through origin (m)

2 a 2.. Pinacoid or parallelohedron !100" !!100"
Line segment through origin (i)

Symmetry of special projections
Along #100$ Along #010$ Along #001$

2mm 2mm 2mm

Table 10.1.2.2. The 32 three-dimensional crystallographic point groups (cont.)
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2!m C2h

Unique axis b Unique axis c
4 c 1 Rhombic prism !hkl" !!hk!l" !!h!k!l" !h!kl" !hkl" !!h!kl" !!h!k!l" !hk!l"

Rectangle through origin (o)

2 b m Pinacoid or parallelohedron !h0l" !!h0!l" !hk0" !!h!k0"
Line segment through origin (m)

2 a 2 Pinacoid or parallelohedron !010" !0!10" !001" !00!1"
Line segment through origin (i)

Symmetry of special projections
Along #100$ Along #010$ Along #001$

Unique axis b 2mm 2 2mm
c 2mm 2mm 2

ORTHORHOMBIC SYSTEM

222 D2

4 d 1 Rhombic disphenoid or rhombic tetrahedron !hkl" !!h!kl" !!hk!l" !h!k!l"
Rhombic tetrahedron (u)

Rhombic prism !hk0" !!h!k0" !!hk0" !h!k0"
Rectangle through origin

Rhombic prism !h0l" !!h0l" !!h0!l" !h0!l"
Rectangle through origin

Rhombic prism !0kl" !0!kl" !0k!l" !0!k!l"
Rectangle through origin

2 c ..2 Pinacoid or parallelohedron !001" !00!1"
Line segment through origin (q)

2 b .2. Pinacoid or parallelohedron !010" !0!10"
Line segment through origin (m)

2 a 2.. Pinacoid or parallelohedron !100" !!100"
Line segment through origin (i)

Symmetry of special projections
Along #100$ Along #010$ Along #001$

2mm 2mm 2mm

Table 10.1.2.2. The 32 three-dimensional crystallographic point groups (cont.)

MONOCLINIC SYSTEM (cont.)
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10.1. CRYSTALLOGRAPHIC AND NONCRYSTALLOGRAPHIC POINT GROUPS

Probable	crystal	point	group	
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Space	group:	P1211												Unit	cell:	27.5,	62.4,		59.5,	90.0,	90.5,	90.0	

Space	group	assignment	(e.g.	Pointless)	

Reciprocal	space	laTce	
(posiIons	of	reflecIons)		

Mirror	symmetry	is	not	
allowed	in	biological	
macromolecules	

IntensiIes	of	
reflecIons	

IntensiIes	of	axial	
reflecIons	

(Approximate)	
laTce	point	group	

Highest	possible	
crystal	point	group	

Probable		
crystal	point	group	

Probable	
crystal	space	group	

4!mmm
4
m

2
m

2
m

D4h

16 g 1 Ditetragonal dipyramid !hkl" !!h!kl" !!khl" !k!hl"
Edge-truncated tetragonal prism (u) !!hk!l" !h!k!l" !kh!l" !!k!h!l"

!!h!k!l" !hk!l" !k!h!l" !!kh!l"
!h!kl" !!hkl" !!k!hl" !khl"

8 f .m. Tetragonal dipyramid !h0l" !!h0l" !0hl" !0!hl"
Tetragonal prism (s) !!h0!l" !h0!l" !0h!l" !0!h!l"

8 e ..m Tetragonal dipyramid !hhl" !!h!hl" !!hhl" !h!hl"
Tetragonal prism (r) !!hh!l" !h!h!l" !hh!l" !!h!h!l"

8 d m.. Ditetragonal prism !hk0" !!h!k0" !!kh0" !k!h0"
Truncated square through origin (p) !!hk0" !h!k0" !kh0" !!k!h0"

4 c m2m. Tetragonal prism !100" !!100" !010" !0!10"
Square through origin (l)

4 b m.m2 Tetragonal prism !110" !!1!10" !!110" !1!10"
Square through origin ( j )

2 a 4mm Pinacoid or parallelohedron !001" !00!1"
Line segment through origin (g)

Symmetry of special projections
Along #001$ Along #100$ Along #110$

4mm 2mm 2mm

TRIGONAL SYSTEM

3 C3
HEXAGONAL AXES

3 b 1 Trigonal pyramid !hkil" !ihkl" !kihl"
Trigon (d)

Trigonal prism !hki0" !ihk0" !kih0"
Trigon through origin

1 a 3.. Pedion or monohedron !0001" or !000!1"
Single point (a)

Symmetry of special projections
Along #001$ Along #100$ Along #210$

3 1 1

3 C3
RHOMBOHEDRAL AXES

3 b 1 Trigonal pyramid !hkl" !lhk" !klh"
Trigon (b)

Trigonal prism !hk!h%k"" !!h%k"hk" !k!h%k"h"
Trigon through origin

1 a 3. Pedion or monohedron !111" or !!1!1!1"
Single point (a)

Symmetry of special projections
Along #111$ Along #1!10$ Along #2!1!1$

3 1 1

Table 10.1.2.2. The 32 three-dimensional crystallographic point groups (cont.)
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4!mmm
4
m

2
m

2
m

D4h

16 g 1 Ditetragonal dipyramid !hkl" !!h!kl" !!khl" !k!hl"
Edge-truncated tetragonal prism (u) !!hk!l" !h!k!l" !kh!l" !!k!h!l"

!!h!k!l" !hk!l" !k!h!l" !!kh!l"
!h!kl" !!hkl" !!k!hl" !khl"

8 f .m. Tetragonal dipyramid !h0l" !!h0l" !0hl" !0!hl"
Tetragonal prism (s) !!h0!l" !h0!l" !0h!l" !0!h!l"

8 e ..m Tetragonal dipyramid !hhl" !!h!hl" !!hhl" !h!hl"
Tetragonal prism (r) !!hh!l" !h!h!l" !hh!l" !!h!h!l"

8 d m.. Ditetragonal prism !hk0" !!h!k0" !!kh0" !k!h0"
Truncated square through origin (p) !!hk0" !h!k0" !kh0" !!k!h0"

4 c m2m. Tetragonal prism !100" !!100" !010" !0!10"
Square through origin (l)

4 b m.m2 Tetragonal prism !110" !!1!10" !!110" !1!10"
Square through origin ( j )

2 a 4mm Pinacoid or parallelohedron !001" !00!1"
Line segment through origin (g)

Symmetry of special projections
Along #001$ Along #100$ Along #110$

4mm 2mm 2mm

TRIGONAL SYSTEM

3 C3
HEXAGONAL AXES

3 b 1 Trigonal pyramid !hkil" !ihkl" !kihl"
Trigon (d)

Trigonal prism !hki0" !ihk0" !kih0"
Trigon through origin

1 a 3.. Pedion or monohedron !0001" or !000!1"
Single point (a)

Symmetry of special projections
Along #001$ Along #100$ Along #210$

3 1 1

3 C3
RHOMBOHEDRAL AXES

3 b 1 Trigonal pyramid !hkl" !lhk" !klh"
Trigon (b)

Trigonal prism !hk!h%k"" !!h%k"hk" !k!h%k"h"
Trigon through origin

1 a 3. Pedion or monohedron !111" or !!1!1!1"
Single point (a)

Symmetry of special projections
Along #111$ Along #1!10$ Along #2!1!1$

3 1 1

Table 10.1.2.2. The 32 three-dimensional crystallographic point groups (cont.)
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422 D4

8 d 1 Tetragonal trapezohedron !hkl" !!h!kl" !!khl" !k!hl"
Twisted tetragonal antiprism (p) !!hk!l" !h!k!l" !kh!l" !!k!h!l"

Ditetragonal prism !hk0" !!h!k0" !!kh0" !k!h0"
Truncated square through origin !!hk0" !h!k0" !kh0" !!k!h0"

Tetragonal dipyramid !h0l" !!h0l" !0hl" !0!hl"
Tetragonal prism !!h0!l" !h0!l" !0h!l" !0!h!l"

Tetragonal dipyramid !hhl" !!h!hl" !!hhl" !h!hl"
Tetragonal prism !!hh!l" !h!h!l" !hh!l" !!h!h!l"

4 c .2. Tetragonal prism !100" !!100" !010" !0!10"
Square through origin (l)

4 b ..2 Tetragonal prism !110" !!1!10" !!110" !1!10"
Square through origin ( j )

2 a 4.. Pinacoid or parallelohedron !001" !00!1"
Line segment through origin (g)

Symmetry of special projections
Along #001$ Along #100$ Along #110$

4mm 2mm 2mm

4mm C4v

8 d 1 Ditetragonal pyramid !hkl" !!h!kl" !!khl" !k!hl"
Truncated square (g) !h!kl" !!hkl" !!k!hl" !khl"

Ditetragonal prism !hk0" !!h!k0" !!kh0" !k!h0"
Truncated square through origin !h!k0" !!hk0" !!k!h0" !kh0"

4 c .m. Tetragonal pyramid !h0l" !!h0l" !0hl" !0!hl"
Square (e)

Tetragonal prism !100" !!100" !010" !0!10"
Square through origin

4 b ..m Tetragonal pyramid !hhl" !!h!hl" !!hhl" !h!hl"
Square (d)

Tetragonal prism !110" !!1!10" !!110" !1!10"
Square through origin

1 a 4mm Pedion or monohedron !001" or !00!1"
Single point (a)

Symmetry of special projections
Along #001$ Along #100$ Along #110$

4mm m m

Table 10.1.2.2. The 32 three-dimensional crystallographic point groups (cont.)
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422 D4

8 d 1 Tetragonal trapezohedron !hkl" !!h!kl" !!khl" !k!hl"
Twisted tetragonal antiprism (p) !!hk!l" !h!k!l" !kh!l" !!k!h!l"

Ditetragonal prism !hk0" !!h!k0" !!kh0" !k!h0"
Truncated square through origin !!hk0" !h!k0" !kh0" !!k!h0"

Tetragonal dipyramid !h0l" !!h0l" !0hl" !0!hl"
Tetragonal prism !!h0!l" !h0!l" !0h!l" !0!h!l"

Tetragonal dipyramid !hhl" !!h!hl" !!hhl" !h!hl"
Tetragonal prism !!hh!l" !h!h!l" !hh!l" !!h!h!l"

4 c .2. Tetragonal prism !100" !!100" !010" !0!10"
Square through origin (l)

4 b ..2 Tetragonal prism !110" !!1!10" !!110" !1!10"
Square through origin ( j )

2 a 4.. Pinacoid or parallelohedron !001" !00!1"
Line segment through origin (g)

Symmetry of special projections
Along #001$ Along #100$ Along #110$

4mm 2mm 2mm

4mm C4v

8 d 1 Ditetragonal pyramid !hkl" !!h!kl" !!khl" !k!hl"
Truncated square (g) !h!kl" !!hkl" !!k!hl" !khl"

Ditetragonal prism !hk0" !!h!k0" !!kh0" !k!h0"
Truncated square through origin !h!k0" !!hk0" !!k!h0" !kh0"

4 c .m. Tetragonal pyramid !h0l" !!h0l" !0hl" !0!hl"
Square (e)

Tetragonal prism !100" !!100" !010" !0!10"
Square through origin

4 b ..m Tetragonal pyramid !hhl" !!h!hl" !!hhl" !h!hl"
Square (d)

Tetragonal prism !110" !!1!10" !!110" !1!10"
Square through origin

1 a 4mm Pedion or monohedron !001" or !00!1"
Single point (a)

Symmetry of special projections
Along #001$ Along #100$ Along #110$

4mm m m

Table 10.1.2.2. The 32 three-dimensional crystallographic point groups (cont.)
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Table 10.1.2.2. The 32 three-dimensional crystallographic point groups

General, special and limiting face forms and point forms (italics), oriented face and site symmetries, and Miller indices (hkl) of equivalent faces [for trigonal and
hexagonal groups Bravais–Miller indices (hkil) are used if referred to hexagonal axes]; for point coordinates see text.

TRICLINIC SYSTEM

1 C1

1 a 1 Pedion or monohedron (hkl)
Single point (a)

Symmetry of special projections
Along any direction

1

!1 Ci

2 a 1 Pinacoid or parallelohedron !hkl" !!h!k!l"
Line segment through origin (i)

Symmetry of special projections
Along any direction

2

MONOCLINIC SYSTEM

2 C2

Unique axis b Unique axis c
2 b 1 Sphenoid or dihedron !hkl" !!hk!l" !hkl" !!h!kl"

Line segment (e)

Pinacoid or parallelohedron !h0l" !!h0!l" !hk0" !!h!k0"
Line segment through origin

1 a 2 Pedion or monohedron !010" or !0!10" !001" or !00!1"
Single point (a)

Symmetry of special projections
Along [100] Along [010] Along [001]

Unique axis b m 2 m
c m m 2

m Cs

Unique axis b Unique axis c
2 b 1 Dome or dihedron !hkl" !h!kl" !hkl" !hk!l"

Line segment (c)

Pinacoid or parallelohedron !010" !0!10" !001" !00!1"
Line segment through origin

1 a m Pedion or monohedron (h0l) (hk0)
Single point (a)

Symmetry of special projections
Along [100] Along [010] Along [001]

Unique axis b m 1 m
c m m 1
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Table 10.1.2.2. The 32 three-dimensional crystallographic point groups

General, special and limiting face forms and point forms (italics), oriented face and site symmetries, and Miller indices (hkl) of equivalent faces [for trigonal and
hexagonal groups Bravais–Miller indices (hkil) are used if referred to hexagonal axes]; for point coordinates see text.

TRICLINIC SYSTEM

1 C1

1 a 1 Pedion or monohedron (hkl)
Single point (a)

Symmetry of special projections
Along any direction

1

!1 Ci

2 a 1 Pinacoid or parallelohedron !hkl" !!h!k!l"
Line segment through origin (i)

Symmetry of special projections
Along any direction

2

MONOCLINIC SYSTEM

2 C2

Unique axis b Unique axis c
2 b 1 Sphenoid or dihedron !hkl" !!hk!l" !hkl" !!h!kl"

Line segment (e)

Pinacoid or parallelohedron !h0l" !!h0!l" !hk0" !!h!k0"
Line segment through origin

1 a 2 Pedion or monohedron !010" or !0!10" !001" or !00!1"
Single point (a)

Symmetry of special projections
Along [100] Along [010] Along [001]

Unique axis b m 2 m
c m m 2

m Cs

Unique axis b Unique axis c
2 b 1 Dome or dihedron !hkl" !h!kl" !hkl" !hk!l"

Line segment (c)

Pinacoid or parallelohedron !010" !0!10" !001" !00!1"
Line segment through origin

1 a m Pedion or monohedron (h0l) (hk0)
Single point (a)

Symmetry of special projections
Along [100] Along [010] Along [001]

Unique axis b m 1 m
c m m 1
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P21 C2
2 2 Monoclinic

No. 4 P121 1 Patterson symmetry P12/m1

UNIQUE AXIS b

Origin on 21

Asymmetric unit 0 ≤ x ≤ 1; 0 ≤ y ≤ 1; 0 ≤ z ≤ 1
2

Symmetry operations

(1) 1 (2) 2(0, 1
2 ,0) 0,y,0

120

International Tables for Crystallography (2006). Vol. A, Space group 4, pp. 120–123.

Copyright © 2006 International Union of Crystallography

P21 C2
2 2 Monoclinic

No. 4 P121 1 Patterson symmetry P12/m1

UNIQUE AXIS b

Origin on 21

Asymmetric unit 0 ≤ x ≤ 1; 0 ≤ y ≤ 1; 0 ≤ z ≤ 1
2

Symmetry operations

(1) 1 (2) 2(0, 1
2 ,0) 0,y,0

120

International Tables for Crystallography (2006). Vol. A, Space group 4, pp. 120–123.

Copyright © 2006 International Union of Crystallography

StaIsIcs	of	two	observaIons	



J1	

J2	

J1	

J2	

H	=	|	J1	–	J2	|	/	(	J1	+	J2	)	 L	=	|	J1	–	J2	|	/	(	J1	+	J2	)	

twin	axes	

sublaTces	with	strong	and	weak	
reflecIons	(pseudotranslaIon)	

H-test	and	L-test	

June	19,	2015	 27	APS/CCP4	School,	Argonne	



J1	

J2	

J1	

J2	

H	=	|	J1	–	J2	|	/	(	J1	+	J2	)	 L	=	|	J1	–	J2	|	/	(	J1	+	J2	)	

twin	axes	

sublaTces	with	strong	and	weak	
reflecIons	(pseudotranslaIon)	

H-test	and	L-test	

June	19,	2015	 28	APS/CCP4	School,	Argonne	



Theore/cal	distribu/on	of	H	

June	19,	2015	 APS/CCP4	School,	Argonne	 29	

H	

P(
H)
	

H	

P(
H)
	

not	a	twin	operaIon	 twin	operaIon	
(parIal	twinning)	

twin	operaIon	
(perfect	twinning)	

H	

P(
H)
	

What	is	the	tested	operaIon?	

or	operaIon	of	the	
crystal	point	group	



H	

P(
H)
	

Blue:	
ideal	distribuIon	for	
parIal	twin	

Green:	
blue	+	effect	of	
NCS	axis	||	twin	axis	

Red:	
green	+	effect	of	
intensiIes	with	small	I/	sig(I)	

Distribu/on	of	H	can	be	perturbed	by	NCS	and	weak	
observa/ons		

June	19,	2015	 30	APS/CCP4	School,	Argonne	



Examples	of	experimental	P(H)	

June	19,	2015	 31	APS/CCP4	School,	Argonne	

+	effect	of	
			intensiIes	with	
			small	I/	sig(I)	

An	almost	ideal	case	 +	effect	of	
NCS	axis	||	twin	axis	



J1	

J2	

J1	

J2	

H	=	|	J1	–	J2	|	/	(	J1	+	J2	)	 L	=	|	J1	–	J2	|	/	(	J1	+	J2	)	

twin	axes	

sublaTces	with	strong	and	weak	
reflecIons	(pseudotranslaIon)	

H-test	and	L-test	

June	19,	2015	 32	APS/CCP4	School,	Argonne	



Theore/cal	distribu/on	of	L	

June	19,	2015	 APS/CCP4	School,	Argonne	 33	

0.0	 0.5	 1.0	
0.0	

0.5	

1.0	

L	

P(
L)
	

P(
L)
	

0.0	 0.5	 1.0	
0.0	

0.5	

1.0	

L	L	
0.0	 0.5	 1.0	

0.0	

0.5	

1.0	

P(
L)
	

Single	crystal	 ParIal	twin	or	NCS	||	twin	axis	 Perfect	twin	



ResoluIon,	A	

<sig(F)>	/	<F>	

0.0	 0.5	 1.0	
0.0	

0.5	

1.0	

P(
L)
	

L	

All	data:	
as	if	a	perfect	twin	

0.0	 0.5	 1.0	
0.0	

0.5	

1.0	

P(
L)
	

L	

Data	below	3A:	
untwinned	

Cell:			64.2			109.2			100.2			90			93.8			90	
Space	group:			P21	
No	pseudo	symmetry	
Pseudomerohedral	twinning	is	impossible	

Nevertheless	the	L-test	is	
very	useful	when	performed	
with	right	resoluIon	range	
(or	with	several	ranges)	

Distribu/on	of	L	can	be	strongly	perturbed	by	weak	
observa/ons		

June	19,	2015	 34	APS/CCP4	School,	Argonne	



Pseudotransla/on	

June	19,	2015	 APS/CCP4	School,	Argonne	 35	

Crystallographic	translaIon	

Pseudo-translaIon	 PseudotranslaIon	C/2	
	
Planes	2L+1	contain	weak	
reflecIons	
	
	
	
	
	
LimiIng	case,	C'	=	C/2	
	
•	Weak	reflecIons	vanish	
	
Two	Imes	larger	
reciprocal	laTce	spacing	

Crystallographic	translaIon	



>	Acentric	moments	of	E	for	k=1,3,4	
			>	4th	moments	of	E	...	

1jjk:	PseudotranslaIon	results	in	alteraIon	of	
strong	and	weak	reflecIons	

Sta/s/cs	of	one	intensity	are	strongly	affected	by	
pseudotransla/on	

June	19,	2015	 36	APS/CCP4	School,	Argonne	



>	H	test	for	twinning	(operator	...)	
			>	cumulaIve	distribuIon	funcIon	for	|H|	

>	L	test	for	twinning	
			>	cumulaIve	distribuIon	funcIon	for	|L|	

L-test	and	H-test	are	not	affected	by	pseudotransla/on	

June	19,	2015	 37	APS/CCP4	School,	Argonne	
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OD-structures	

•  DefiniIon	
•  Example	of	an	OD	twin	

•  DemodulaIon	of	data	

•  Example	of	allotwin	



S1	

S1	

S1	

S2	

-	two-dimensional	periodicity	
-	a	potenIal	for	disorder	in	the	third	dimension	

-	idenIcal	layers	
-	idenIcal	interfaces	between	the	layers	
-	but:	two	or	more	ways	of	packing	three	adjacent	layers	
*)	MX:	"idenIcal"	means	Ca	r.m.s.d.	<	1	A	

*)	S1	and	S2.	are	called	stacking	vectors	

Order-disorder	structures	(OD-structures)	

December	9,	2016	 39	HZB	



OD-structures	

December	9,	2016	

Single	crystal	

OD-twin	

C2	

C2	

Single	crystal	

Allotwin	

P21	

P212121	

ParIally	
disordered	
OD-structure	

Example	1	 Example	2	 Examples	in	the	
next	sec5on	

40	HZB	



Example	1:	OD-twin	
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Rye et al. (2007) Acta Cryst. D67 

L-2-haloacid	dehalogenase	
from	Sulfolobus	tokodaii		



Indexing	in	C2	 Indexing	in	C2	

Example	1:	OD-twin	

December	9,	2016	 HZB	 42	

The	diffracIon	images	can	be	indexed	
in	C2	with	two	different	orientaIon	of	
the	crystal	
	
Some	reflecIons	from	two	laTces	
overlap.	

C2	

C2	

Rye et al. (2007) Acta Cryst. D67 

L-2-haloacid	dehalogenase	
from	Sulfolobus	tokodaii		



Real	and	reciprocal	laLces	
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a	
c	

•	Process	data	from	one	laTce	and	ignore	twinning	
•	Process	data	from	one	laTce	and	demodulate	the	data	
	
•	Deconvolute	overlapping	sport	during	data	processing	
•	Record	total	intensity	of	overlapping	spots	and	deal	with	it	at	refinement	

What to do? 

Twinning	by	reIcular	pseudo-merohedry	 



Intensi/es	of	the	overlapping	reflec/ons	

December	9,	2016	 HZB	 44	

Fourier	transform	
of	the	tetramer	

DiffracIon	paqern	
of	domain	1	

DiffracIon	paqern	
of	domain	2	

J J × L1 J × L2 

Tetramers	in	different	twin	domains	are	in	the	same	orientaIon	
	
Therefore,	if	reflecIons	of	the	two	laTces	overlap,	they	have	close	intensiIes.	
The	stronger	the	overlap,	the	closer	the	intensiIes	are.	



Demodula/on	

December	9,	2016	 HZB	 45	

Original	data: 	R	/	R-free	=	0.21	/	0.27	

Corrected	data:	 	R	/	R-free	=	0.16	/	0.23	

ModulaIon	funcIon	

q'(h)	=	p0	+	p1	cos(2πth)	+	p2	cos(4πth)	+	...	



Improvement	in	the	electron	density	

Visually,	improvement	occurred	only	for	the	electron	density	for	solvent	molecules	
(Poor	density	for	solvent	was	the	original	reason	for	data	revision)	

December	9,	2016	 HZB	 46	

The	electron	density	maps	(2-1	at	1.5σ	and	1-1	at	3σ)	
around	the	pyruvate	molecule	before	and	ater	demodulaIon	



Diagnos/cs:	PaOerson	Map	

December	9,	2016	 HZB	 47	

z	

x	

v=0	

w	

u	

Indexed lattice The second lattice 

Non-origin peaks in the Patterson map: 
• contribution from the second lattice 
• because of the overlapping spots 

3D viewers provide more straightforward diagnostics  



Example	2:	allotwin	
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Dauter	et	al.	(2005).	
Acta	Cryst.	D61,	967-975.	

P21	

P212121	

Crystals	of	Lon	protease	
ResoluIon	3Å	

P21	

P212121	 a	=		86.3	Å	
b	=		90.6	Å	
c	=	148.0	Å	

a	=		48.5	Å	
b	=		86.3	Å	
c	=	138.0	Å	
β	=	92.3°	



Example	2:	allotwin	
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Structures	of	both	crystal	
forms	were	solved	
	

	 	 	R	/	R-free 

Dauter	et	al.	(2005).	
Acta	Cryst.	D61,	967-975.	

Crystals	of	Lon	protease	
ResoluIon	3Å	

PDB	code	1z0v	

P21	
	

0.21	/	0.31	

PDB	code	1z0t	

P212121	
	

0.19	/	0.35	



Example	2:	allotwin	

•  More	frequently,	the	presence	of	very	different	indexing	soluIons	means	
that	the	indexing	program	is	struggling	rather	than	existence	of	domains	
belonging	to	different	space	groups.	

	

•  3D	viewers	will	help	to	check	what	is	actually		happening.	
	

•  Merging	several	fine-sliced	images	together	may	help	indexing	
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ParIally	disordered	
OD-structures	

•  VisualisaIon	(detecIon)	
•  Ghost	density	
•  Indexing	
•  Effect	on	structure	soluIon	
and	refinement	



OD-structures	

December	9,	2016	

Single	crystal	

OD-twin	

Single	crystal	

Allotwin	

ParIally	
disordered	
OD-structure	

Examples	1,2	&	3	

52	HZB	



Par/ally	disordered	crystals	

In	both	twins	and	parIally	disordered	crystals: 		

•  Global	periodicity	is	missing	in	one	or	more	direcIons	

•  There	is	local	3D	periodicity	in	individual	domains	

December	9,	2016	 HZB	 53	

Single	crystal	s 	 	 	 	(Single	ordered	domain)	
Twinned	crystals 	 	 	 	(Two	or	more	ordered	domains)	
	
ParIally	disordered	crystals 	(Many	ordered	domains)	

Coherence	length	of	X-rays	

Width of the triangle 
denotes mean size  
of ordered domains 



Example	1:		ghost	density	

•  Space	group	P21212	
•  ResoluIon	1.2Å	
•  The	diffracIon	images	were	
processed,	and	structure	was	solved	
and	reffined.	

•  Later	the	data	were	demodulated	
and	re-refined	
»  demodulaIon	procedure	was	
conceptually	similar	to	the	one	used	for	
OD-twin	
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An	example	from	Rafael	Ciges,	
Biomedical	InsItute	of	Valencia		

A	"slice"	of	the	reciprocal	space	
dials.rs_mapper	+	pymol	

R	 R-free	

Original	data	 0.33	 0.34	

Corrected	data	 0.25	 0.26	

P21212	

DirecIon	in	which	
global	periodicity	is	missing	



Example	1:	aSer	ini/al	refinement	
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Example	1:	helix	added	
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Example	1:	aSer	refinement	with	extra	helix		
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Example	1:	aSer	refinement	against	demodulated	data	...	
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Example	1:	...	there	is	no	ED	for	the	extra	helix	
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Example	1:	ghost	density	
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Two	adjacent	domains	 Packing	ambiguity	
TranslaIon	symmetry	is	
only	local	and	hence	
spots	are	smeared	
in	verIcal	direcIon	



Example	1:	Summary	

•  ParIal	disorder	in	OD	structures	results	in	ghost	density	
•  Structure	can	be	solved	and	refined	to	the	extent	that	general	correctness	of	
the	soluIon	(and	idenIty	of	the	crystallised	protein)	are	beyond	doubt		

•  DemodulaIon	procedure	removes	ghost	density	and	therefore	helps	with	
interpretaIon	of	the	true	density	
»  Not	always	badly	needed	
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Example	2:	auto-indexing	failure	
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✓ Molecular Replacement 

? 

Refinement 

Rcryst	 =	0.33	
Rfree	 =	0.36	

Fast DP @ DIAMOND 

Rmeas	 =	0.12	
Completeness		 =	96%	
CC(1/2)	=	0.3	 at		1.56	Å	

? 



Example	2:	evidences	of	wrong	indexing	
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✗ Crystal Packing ? Maps 

Wrong indexing? 



Example	2:	evidences	of	par/al	disorder	
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There is global 2D translational 
symmetry in the plane of figure 

White arrow indicates direction in which 
translational symmetry is not global 
(only within individual domains) 

front view side view 



Example	2:	correct	indexing	
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White arrow indicates direction in which 
translational symmetry is not global (only 
within individual domains) 
There are also areas with less spots 

White “spots” are not indexed; actually, 
these are tails of diffuse reflections 

Automated indexing may easily fail 
(next example will show how) 



Example	2:	happy	end	

December	9,	2016	 HZB	 66	

Crystal Packing Maps ✓ ✓ 

Refinement Rcryst	 =	0.23	
Rfree	 =	0.26	✓ 



Example	2:	Summary	

•  ParIal	disorder	a	frequent	reason	of	indexing	failure	

•  DiffracIon	analysis	in	3d	is	a	good	diagnosIc	tool	for	both	parIal	disorder	
and	for	incorrect	indexing	

•  Warning:	high	contrast	in	MR	can	be	obtained	even	for	wrongly	indexed	
data	provided	that	the	search	model	is	highly	similar	to	the	target	

•  Molecular	replacement	is	quite	tolerant	to	parIal	crystal	disorder	
»  Especially	RF	
»  In	the	next	example	this	property	of	RF	will	be	uIlised		
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Example	3:	unsolvable	structure	

Input	informaIon:	
	

•  Images	are	good	
–  But	there	a	several	different	indexing	soluIons	

	

•  99%	homologue	for	Molecular	Replacement	
–  But	no	MR	soluIon	
–  Even	more,	no	contrast	on	RotaIon	FuncIon	

	

•  Twinning?	
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Example	3:	first	and	last	images	
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first image 

last image 

Partial disorder was not detected directly from images 

Blue arrow – direction of 
missing global translation 



Example	3:	checking	diffrac/on	in	3D	
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front view side view 

Clear partial disorder 



Example	3:	wrong	and	correct	indexing	
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dials.index	datablock.json	strong.pickle	
dials.refine_bravais_settings	experiments.json	indexed.pickle	

dials.index	datablock.json	strong.pickle	unit_cell=118,134,139,90,90,90	space_group=C222	
dials.refine_bravais_settings	experiments.json	indexed.pickle	



Example	3:	wrong	and	correct	indexing	
•  Yellow	spots	are	indexed,	the	white	ones	are	not.	
•  Blue	lines	indicate	crystallographic	direcIons	for	a	given	indexing	soluIon:	

»  		they	pass	nearby	yellow	spots		and	avoid	white	spots	
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2, C (wrong) 222, C (correct) 



Example	3:	MR	against	PDB	(Simbad;	happy	end)	
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Despite very clean sample 
a minor contaminant has crystallised: 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Do not blame crystal defects for not 
finding a solution!  

Manfred S. Weiss, M., S. et al. 
(2016). A critical examination 
of the recently reported crystal 
structures of the human SMN 
protein. Hum. Mol. Genet. 

An example of 
misinterpreted structure 
of a contaminant protein 
is described here: 



Par/ally	disordered	OD-structures:	Summary	

	

•  DiffracIon	data	from	parIally	disordered	OD-structures	
–  are	usually	manageable	as	they	are	
–  in	many	cases	may	be	adjusted	if	
»  low	R-factors	are	needed	:)	
»  or	if	the	ghost	density	prevents	unambiguous	interpretaIon	of	maps	(usually	for	ligands)	

	

•  Merged	data	adjustment	(also	for	non-merohedral	OD-twins)	
–  There	are	several	bespoke	scripts	around	
–  A	general	automated	sotware	soluIon	is	needed	

	

•  Ideal	soluIon	is	integraIon	of	streaked	spots	
– maybe	implemented	as	reiteraIon	of	diffracIon	image	processing	based	on	
structural	informaIon	
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Pseudo-translaIon	

•  VisualisaIon	
•  Effect	on	indexing	
•  Pseudo-origin	MR	soluIons	



Pseudotransla/on	

December	9,	2016	 HZB	 76	

Crystallographic	translaIon	

Pseudo-translaIon	 PseudotranslaIon	C/2	
	
Planes	2L+1	contain	weak	
reflecIons	
	
	
	
	
	
LimiIng	case,	C'	=	C/2	
	
•	Weak	reflecIons	vanish	
	
Two	Imes	larger	
reciprocal	laTce	spacing	

Crystallographic	translaIon	



Example:	two	pseudo-transla/on	vectors	
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point	group	 laLce	type	 a	(Å)	 b	(Å)	 c	(Å)	

Space	group	 222	 C	 74.9	 122.8	 125.0	

Pseudo-symmetry	space	group	 222	 I	 37.5	 61.4	 125.0	

Example from Victor Lamzin, YSBL-DESY 



Example:	two	pseudo-transla/on	vectors	
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dials.import	template=images/SeMet_38_04_0####.cbf	
dials.find_spots	...	
dials.index	...	
dials.refine	...	
dials.reciprocal_lattice_viewer	...	

white – not indexed 
orange – indexed 

Images imported as they were, oscillation 0.1° 



Example:	two	pseudo-transla/on	vectors	
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dials.merge_cbf	images/SeMet_38_04_0####.cbf	merge_n_images=5	
dials.import	template=sum_####.cbf	
dials.find_spots	...	
dials.index	...	
dials.refine	...	
dials.reciprocal_lattice_viewer	...	

white – not indexed 
orange – indexed 

Merged each 5 adjacent images to make oscillation 0.5°, then imported 



Pseudo-transla/on	and	indexing	

Example:	structure	solved	using	SAD;	then	naIve	structure	was	solved	by	MR	
	
Week	reflecIons	may	confuse	indexing	programs	

•  A	“sensible”	error:	weak	reflecIons	ignored	=	pseudo-translaIon(s)	treated	
as	proper	crystallographic	translaIons		
– Will	not	be	criIcal	for	this	example,	as	an	approximate	structure	can	indeed	be	
determined	ater	processing	in	smaller	cell;	the	model	then	can	be	used	in	MR	
search	against	naIve	data	set	

–  SomeImes	the	“cell	reducIon”	is	done	intenIonally	to	simplify	the	first	steps	of	
structure	soluIon	

•  A	serious	error,	e.g.	monoclinic	with	β	≠	90°	instead	of	orthorhombic	
–  This	will	not	help	with	structure	determinaIon	

Visual	control	using	3D	viewers	is	important	
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Pseudotransla/on:	what	else	can	go	wrong?	
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Molecular	Replacement:	
–  If	two	structures	are	globally	very	similar	(e.g.	rmsd	=	0.5A)	
– MR	can	in	some	cases	pick	up	a	wrong	soluIon	

Crystallographic	and	
pseudosymmetry	axes	
are	interchanged	

P2	(a,b,c)	 P2	(a,b,c)	Cell	and	H-M	symbol	
are	the	same	

True	structure	 False	structure	



Pseudotransla/on:	what	else	can	go	wrong?	
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Molecular	graphics:	
structure	is	shited	
relaIve	to	the	unit	cell		

Crystallographic	and	
pseudosymmetry	axes	
are	interchanged	

P2	(a,b,c)	 P2	(a,b,c)	Cell	and	H-M	symbol	
are	the	same	

True	structure	 False	structure	
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Four	alterna/ve	solu/ons	in	two	space	groups	

interpretable electron density were additional evidences in favour of this solution. The electron

density was good enough to partially correct the model. However the refinement stalled at an R

factor of about 0.38 and it became clear that this was a false solution.

4.2.2 Organisation of the true and false structures

At this point of the text, it seems suitable to describe the final structure and to characterise

possible false MR-solutions. A similar analysis was performed in the actual course of structure

determination to understand which alternative structures were to be tested.

The molecular packing is presented in Fig 4.3(a). The crystal is formed by cylindrical as-

semblies of molecules spanning the whole crystal in the c direction. The approximate symmetry
of a single cylinder includes an eight-fold screw axis along and a two-fold axes orthogonal to c.

One quarter of all symmetry operations of the cylinder are crystallographic operations in the

three-dimensional crystal.

Two drawings in Fig. 4.3(b) show two neighbouring slices of a single cylinder, such that

each slice include a pair of biological dimers residing on the same NCS two-fold axis. The

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

a

aaaa

b

b b b b

c

z = 0 z = 0

z = 1/8 z = 1/8

z = 1/4 z = 1/4

z = 3/8 z = 3/8

True P4322True P4322 False P4322 False P4122 False P4122

Figure 4.3. Crystal structure of GAF domain of CodY and associated false structures.
(a) Overall organisation of the crystal. The unit cell is shown in magenta.
(b) Two slices of the molecular cylindrical assembly, each slice containing a pair of dimers residing on
the same NCS axis and related by a crystallographic two-fold rotation.
(c,d,e) Reassignments of crystallographic axes (solid black lines) and NCS axes (dashed black lines)
result in three possible false structures.
In all panels of this figure, the subunits related by crystallographic symmetry are shown in the same
colour and NCS translation c/2 relates red to yellow and green to blue substructures.

163
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GAF	(N-terminal)	domain	of	CodY	protein	from	Bacillus	subIlis	
Levdikov,	V.	M.	et	al.	(2006).	J	Biol	Chem	281,	11366-73.	

MR solution 



hqp://www.ccp4.ac.uk/ccp4online	

Zanuda	

CCP4	online	
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 Zanuda is also included in CCP4 program suite 



Pseudo-transla/on:	Summary	

	

•  A	good	reason	to	visually	control	indexing	is	to	make	sure	that	pseudo-
translaIon	
–  is	not	overlooked	
–  is	not	an	artefact	
»  Paqerson	map:	non-origin	peak	almost	as	high	as	origin	one	(e.g.	95%)		

	

•  Pseudo-translaIon	may	result	in	pseudo-origin	MR	soluIons	
This	issue	has	to	be	addressed	not	before	
–  the	structure	seems	to	almost	match	ED	maps	
–  R-free	is	well	below	0.5,	around	0.4	

	

•  Not	discussed:	pseudo-translaIon	makes	twinning	tests	difficult	to	analyse	
–  L-	and	H-tests	usually	perform	as	normal	
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