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Generic	Non-Crystallographic	Symmetry	(NCS):	
-	symmetry	is	local	and	approximate	
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Pseudosymmetry	(a	limi)ng	case	of	NCS)	
-	symmetry	is	global	and	approximate	
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Crystallographic	symmetry	
-	symmetry	is	global	and	exact	
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Pseudosymmetry	(a	limi)ng	case	of	NCS)	
-	symmetry	is	global	and	approximate	
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Crystallographic	symmetry	
-	symmetry	is	global	and	exact	

may	be	misinterpreted	as	crystallographic	symmetry	
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Crystallographic	transla)on	

Pseudo-transla)on	 Pseudotransla)on	C/2	
	
Planes	2L+1	contain	weak	
reflec)ons	
	
	
	
	
	
Limi)ng	case,	C'	=	C/2	
	
•	Weak	reflec)ons	vanish	
	
Two	)mes	larger	
reciprocal	laXce	spacing	

Crystallographic	transla)on	
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Crystallographic	transla)on	

Pseudo-transla)on	 Pseudotransla)on	C/2	
	
Planes	2L+1	contain	weak	
reflec)ons	
	
	
	
	
	
Limi)ng	case,	C'	=	C/2	
	
•	Weak	reflec)ons	vanish	
	
Two	)mes	larger	
reciprocal	laXce	spacing	

Crystallographic	transla)on	

large	frac)on	of		
weak	reflec)ons	
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User:	decision	making	

Space	group	assignment	(e.g.	Pointless)	

Reciprocal	space	laXce	
(posi)ons	of	reflec)ons)		

Mirror	symmetry	is	not	
allowed	in	biological	
macromolecules	

Intensi)es	of	
reflec)ons	

Intensi)es	of	axial	
reflec)ons	

LaXce	
point	group	

Highest	possible	
crystal	point	group	

Probable		
crystal	point	group	

Probable	
crystal	space	group(s)	

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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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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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
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2

Symmetry operations

(1) 1 (2) 2(0, 1
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User:	decision	making	

Space	group	assignment	(e.g.	Pointless)	

Reciprocal	space	laXce	
(posi)ons	of	reflec)ons)		

Mirror	symmetry	is	not	
allowed	in	biological	
macromolecules	

Intensi)es	of	
reflec)ons	

Intensi)es	of	axial	
reflec)ons	

LaXce	
point	group	

Highest	possible	
crystal	point	group	

Probable		
crystal	point	group	

Probable	
crystal	space	group(s)	

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.)

776

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

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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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.

Copyright © 2006 International Union of Crystallography
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No. 4 P121 1 Patterson symmetry P12/m1
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Symmetry operations

(1) 1 (2) 2(0, 1
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LaXce	
point	group	

Probable		
crystal	point	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.)

776

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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LaXce	
point	group	

Probable		
crystal	point	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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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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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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Online	dic)onary	of	Crystallography:	
The	point	group	of	a	crystal	is	called	merohedry	if	it	is	
a	subgroup	of	the	point	group	of	its	laXce.	
	
In	classifica)on	of	twins,	the	word	pseudomerohedry	
is	used	when	the	laXce	has	accidental	high	symmetry	
that	is	not	defined	by	crystal	symmetry	
(e.g.	β=90°	in	P	1	21	1)		

=	merohedry		



(Pseudo)merohedral	twinning	
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Twinned crystal 

Individual crystal 1 Individual crystal 2 Twin 
two-fold axis 

 
 
 
 

Crystallographic 
two-fold axis 

 
 
 
 

Unit cell 
 
 

lattice in orientation 1 lattice in orientation 2 = 
≠ crystal in orientation 1 crystal in orientation 2 

= Twinned crystal + crystal in orientation 1 crystal in orientation 2 

Example: P2,  β = 90  

Twinning	by	(pseudo)merohedry	
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Twin	two-fold	axis	
Crystallographic	two-fold	axis	

Intensi)es	from	
individual	crystal	1	

Intensi)es	from	
individual	crystal	2	

Par)al	twin	
	

(individual	crystals	
of	different	sizes)	

Perfect	twin	
	

(individual	crystals	
of	equal	sizes)	

h	

l	

k=0	

P121,					β =	90	

less	weak	reflec)ons	

Twinning	by	(pseudo)merohedry	
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laXce	in	orienta)on	1	 laXce	in	orienta)on	2	=	

≠	crystal	in	orienta)on	1	 crystal	in	orienta)on	2	

=	 Twinned	crystal	+	crystal	in	orienta)on	1	 crystal	in	orienta)on	2	

Allows	for	twinning	tests	based	on	
sta)s)cs	of	intensi)es		



Twinning	tests	

(Pseudo)merohedral	twinning	cannot	be	readily	seen	from	diffrac)on	images	
because	reflec)ons	from	twin	individuals	overlap:	
-	exactly	in	merohedral	twins	
-	exactly	or	approximately	in	pseudomerohedral	twins.	
	
Week	reflec)ons	in	"twinned	data"	are	less	frequent	than	"in	non-twinned	data".		
	
This	allows	for	twinning	tests	based	on	sta)s)cs	of	normalised	intensi)es:	
cumula)ve	distribu)on	of	normalised	intensi)es,	Brikon	test,	second	moments	
tests,	H-test,	L-test,	...	
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Twinning	tests	

(Pseudo)merohedral	twinning	cannot	be	readily	seen	from	diffrac)on	images	
because	reflec)ons	from	twin	individuals	overlap:	
-	exactly	in	merohedral	twins	
-	exactly	or	approximately	in	pseudomerohedral	twins.	
	
Week	reflec)ons	in	"twinned	data"	are	less	frequent	than	"in	non-twinned	data".		
	
This	allows	for	twinning	tests	based	on	sta)s)cs	of	normalised	intensi)es:	
cumula)ve	distribu)on	of	normalised	intensi)es,	Brikon	test,	second	moments	
tests,	H-test,	L-test,	...	
	
Pseudo-transla)on,	if	present,	increases	rela)ve	frac)on	of	week	reflec)ons	and	
makes	some	of	the	twinning	tests	inconclusive.		
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J1	

J2	

L	=	|	J1	–	J2	|	/	(	J1	+	J2	)	

L-test	is	designed	to	be	suitable	for	most	of	cases	
-	with	and	without	pseudo-transla)on	
-	isotropic	and	anisotropic	data	

L-test	
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Theore9cal	distribu9on	of	L	
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P(
L)
	

L	
0.0	 0.5	 1.0	

0.0	

0.5	

1.0	

Single	crystal	

0.0	 0.5	 1.0	
0.0	

0.5	

1.0	

L	

P(
L)
	

Par)al	twin	

P(
L)
	

0.0	 0.5	 1.0	
0.0	

0.5	

1.0	

L	

Perfect	twin	
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CCP4i	

Aimless	

L-test	for	twinning	
(no	twinning)	
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CCP4i2	

Data	reduc)on	-	AIMLESS	
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L-test	plot	and	also	
a	warning	on	possible	twinning	

CCP4i2	
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CCP4i2	

Scores	for	each	symmetry	element	
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User:	decision	making	

Space	group	assignment	(e.g.	Pointless)	

Reciprocal	space	laXce	
(posi)ons	of	reflec)ons)		

Mirror	symmetry	is	not	
allowed	in	biological	
macromolecules	

Intensi)es	of	
reflec)ons	

Intensi)es	of	axial	
reflec)ons	

LaXce	
point	group	

Highest	possible	
crystal	point	group	

Probable		
crystal	point	group	

Probable	
crystal	space	group(s)	

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

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.

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



Untwinned	data	
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L	
0.0	 0.5	 1.0	

0.0	

0.5	

1.0	

Single	crystal	

This	is	a	single	crystal,	P622	or	P6122	or	P6222	or	...	



Pseudosymmetry	
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L	
0.0	 0.5	 1.0	

0.0	

0.5	

1.0	

Single	crystal	

This	is	a	single	crystal,	P3	or	P31	or	P32	
There	is	a	pseudosymmetry	



0.0	 0.5	 1.0	
0.0	

0.5	

1.0	

L	

P(
L)
	

Par)al	twin	

Par9al	twin	

November	16,	2018	 IFSC/CCP4	MX	School,	São	Carlos		 24	

This	is	a	par)al	twin,	P3	or	P31	or	P32	
There	may	be	a	pseudosymmetry	



P(
L)
	

0.0	 0.5	 1.0	
0.0	

0.5	

1.0	

L	

Perfect	twin	

Perfect	twin	
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This	is	likely	to	be	a	perfectly	twinned	crystal.	
Space	group	is	quite	uncertain	at	this	point.	
Most	likely:	
the	space	group	is	NOT	P6X22	
but	one	of	its	subgroups:	
P6X,	P3X21,	P3X12,	C222X,	or	even	P3	etc.	



2	2	2	2	2	

32	222	222	

622	

6	32	

3	

222	

2	

1	

supergroup	
	
	

subgroup	

Subgroups	of	the	point	group	622	
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•  To	test	all	possibili)es,	we	
have	to	run	Phaser	once	for	
each	point	group	and	ask	to	try	
all	the	corresponding	space	
groups	

•  E.g.	for	point	group		3,	Phaser	
will	try	P	3,	P	31,	P32.	



An	alterna9ve	approach:	structure	solu9on	in	P1	
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Can	be	used	with	close	homologues	and	requires	complete	data	in	P1	
	

•  Scale	and	merge	data	in	P	1	(Aimless)	

•  Solve	in	P1	
•  Use	Zanuda	program	to	restore	the	correct	space	group	
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Forcing	P	1	space	group	assignment	



Switching	to	twin	refinement	
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Model	error	

R-factor		

0.
6 

0.
5 

0.
4 

0.
3 

0.
2 

0.
1 

0.
0 

0.0 1.0 0.8 0.6 0.4 0.2 

Model	error	
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Twinned crystal Single crystal 

Twin refinement:   Off    On 



End	
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