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Grocký, M., 1.7
Grosse-Kunstleve, R. W., 1.6
Groth, P., 3.2
Gruber, B., 3.1
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Kopský, V., 1.4, 1.6, 1.7, 3.6
Koptsik, V. A., 1.3, 1.4, 2.1, 3.1, 3.2, 3.3,

3.6
Kossel, W., 1.6
Kratochvil, P., 3.2
Krebs, B., 1.6
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image of 8
injective 8
kernel of 8, 28
surjective 8

Homomorphism theorem 9

Icosahedral point groups 733, 770
Ideal crystal 12
Identity operation 12
Image of a homomorphism 8
Image point 12
Improper isometry 12
Index

of a subgroup 5, 133, 830, 850
of a sublattice 718
of a supergroup 731

Indicators 46, 779–780
Inherent symmetry, see eigensymmetry
Injective homomorphism 8
Integral reflection conditions 164
International point-group symbols 728

see also Hermann–Mauguin point-group
symbols

International space-group symbols 151, 778, 780
see also Hermann–Mauguin space-group

symbols
International symbols for symmetry elements 777
Intersection parameter 780
Intrinsic translation part of a symmetry operation

16–17, 55, 91
Invariant lattice complex 795, 798
Inversion 13, 50
Inversion centre 13, 57, 145, 148
Isometry 12
Isometry group

of the circle 851
of the sphere 851

Isomorphic groups 8
Isomorphic subgroups 134, 136

maximal 134
Isomorphism 7–8
Isomorphism classes of point groups 720
Isotropic crystals 740
Isotropy subgroup 112
Isotypic structures 135

Jones’ faithful representation symbol 51

Kernel of a homomorphism 8, 28
Klassengleiche (k-) subgroups 133–135, 782
Konfigurationslage (Wyckoff set) 792
Kugelgruppe (sphere group) 734

Lagesymmetrie (site symmetry) 163
Lagrange’s theorem 5
Lattice 22, 698

Bravais types of 34, 39, 107, 142–144, 152, 700
centred 24, 44, 164, 699
classifications of 700
primitive 24, 44, 699
reciprocal 27, 729
rhombohedral 26
topological properties of 698

Lattice basis 22, 698, 700
Lattice characters 712–714
Lattice-complex symbols 798–800, 823–824

central part 799
Lattice complexes 792–793

applications of 800
bivariant 795
comprehensive 794–795
degrees of freedom 795, 799
invariant 795, 798
limiting 792, 794–795, 823
of plane groups 801
shift vector in 799
trivariant 795
univariant 795

Lattice parameters 143, 699
Lattice point group 37, 698, 720
Lattice point symmetry 143, 720, 730
Lattice symmetry directions 777–778
Lattice system 39, 142
Laue class 108, 114, 125, 152, 720–721, 738
Laue group 107, 143
Layer groups 68, 136–137, 774

as subgroups of space groups 137
sectional 137

Left coset 5
Limiting crystal form 722–724, 726, 730

realization of 726, 730
Limiting lattice complex 792, 794–795, 823
Limiting point form 722–723, 742
Line groups 143, 172

symmetry elements and operations of 145
Linear orbit 137
Linear part of a space-group operation 22
Linear part of a symmetry operation 13
Liquid crystals 136
Location of a subgroup 856
Location of a symmetry operation 93–94
Location part of a symmetry operation 17, 55, 91,

779–780

Macromolecular crystallography, space-group
determination in 126

Macroscopic crystal 12
Magnetic group type

Belov–Neronova–Smirnova (BNS) symbols
for 863

coset representatives for 854
Hermann–Mauguin-type symbols for 853
numbering of 853
Opechowski–Guccione (OG) symbols for

854, 863
Magnetic groups 852–854

asymmetric unit for 861
generators for 857, 862
klassengleiche (k-) subgroups of 852
maximal subgroups 863
properties of 857
translationengleiche (t-) subgroups of 852

Magnetic space groups 852
lattice diagrams for 857

Magnetic subperiodic groups 852
Magnetic superfamily 852
Mapping

affine 12
reversible 12

Mapping of mappings 84
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Matrices
augmented 16, 84
for point-group symmetry operations 14–15, 729,

735
for unit-cell (basis) transformations 77

Matrix–column pair 13, 22
Matrix of metric coefficients 698, 701

see also metric tensor
Matrix part of a symmetry operation 13
Matrix representation of a symmetry operation 160,

162, 721, 729, 735, 779
Maximal subgroups 4, 133

chains of 132
isomorphic 134
non-isomorphic 134
of point groups 731, 736

Merohedry 720
Metric conventions for labelling of axes 172
Metric parameters for basis vectors 698
Metric tensor 23, 84, 107, 698, 700–701
Miller indices

for crystal forms 728, 733
for point groups 721, 742, 745
transformation of 83, 85, 849

Minimal supergroups 134, 731
Mirror plane 13, 145
Mirror point 172
Misordered (disordered) structure 135
Missing spectra 163
MISSYM 110
Molecular symmetry 772
Monoclinic axis 46
Monoclinic crystal system 143
Monoclinic point groups 143, 745
Monoclinic settings and cell choices 95, 97, 150, 155,

169–172
transformations between 77, 87–88

Monoclinic space groups 150–151, 169
diagrams for 155
symbols for 46, 97, 151–152, 781

Morphology 739
Motion 12
Multi-domain crystals 111
Multiple cell 25
Multiplication table 2
Multiplicity 55, 63, 162, 772

of a crystal form 722, 727
of a point form 727, 733

n-fold rotation 12
N(z) test for centrosymmetry 109
Nanocrystals, space-group determination 128
Negative sense of rotation 12
Neumann’s principle 739
Niggli cell 714
Niggli images 714

convex sets of 715
Niggli point 714
Noncentrosymmetric crystal classes 739
NONCHAR 798
Noncharacteristic crystal form 723
Noncharacteristic orbit 59, 66, 167, 796
Noncharacteristic point form 723
Noncrystallographic point groups 720, 731, 851
Noncrystallographic symmetry 731, 733–734, 851
Non-isomorphic subgroups, maximal 134
Non-symmorphic space groups 31
Normal subgroups 6, 731
Normalizers 10–11, 826

affine 65, 826, 830, 847
Euclidean 66, 826–831, 839, 842
of plane groups 827, 829–830
of point groups 723, 851
of space groups 827, 830–831, 839, 842, 847

Oblique crystal system 48
Oblique plane groups 96
Oblique point groups 742
Obverse setting of R cell 77, 88, 144, 150, 157, 164
Ogdohedry 720, 731
One-dimensional groups, see line groups
Opechowski–Guccione (OG) magnetic group type

symbols 854, 863
Optical activity 740

Optical indicatrix 740
Optical isomers 738
Optical properties 740
Orbit 9, 61, 792, 838

characteristic 66, 796
extraordinary 66, 113, 796
linear 137
non-characteristic 59, 66, 167, 796
point group 772

Orbit type 796
Order of a group 2
Order of a point group 720, 722, 731–735
Order of an isometry 12
Oriented face-symmetry symbol 724
Oriented site-symmetry symbol 63, 163, 724, 727, 770
Origin 142, 158–159

fixing of 849
for magnetic groups 861

Origin choice 31, 87, 90
Origin shift 75, 780, 829

in a group–subgroup relation 133
Orthohexagonal C cell 77, 106, 790
Orthorhombic crystal system 143
Orthorhombic point groups 143, 747
Orthorhombic space groups

diagrams for 155
Hermann–Mauguin symbols for 46, 98
settings 46, 77, 96, 155

Parent structure 135
Parity classes of structure factors 849
Patterson function 108, 152–153
Patterson symmetry 152–153
Penetration line 68
Phase transitions 86, 132, 138

basic (parent) structure 86
comparison of lattice complexes in 823
derivative structure 86
group–subgroup relations at 135

Physical properties of crystals 111, 737
Piezoelectricity 741
Plane groups 71

diagrams for 154
lattice complexes of 801
normalizers of 827, 829–830
reflection conditions 164, 166
symbols, changes of 152
symbols for 45, 48, 95–96, 143, 151–152
symmetry directions 151
symmetry elements and operations of 145, 148

Point configurations 793, 798, 838
eigensymmetry of 793, 846
equivalent 838
geometrical properties of 800

Point form 722–724, 727, 729, 733–734, 742, 745
for icosahedral point groups 770
limiting 722–723, 742

Point-group symmetry 107, 145, 148
matrices for 14–15, 729, 735

Point-group types 39, 42, 772
Point groups 22, 28, 107, 143, 720

abstract 720
circular 732–733
cubic 143, 734, 765
cylindrical 732, 734
definition of 720
determination from physical properties 737
diagrams and tables of 721, 742, 745, 770
general 720, 731, 733–735
generating point group 723–724
Hermann–Mauguin symbols for 721, 724,

732–734, 777–778
holohedral 143, 698, 720–721, 731
icosahedral 733, 770
isomorphism classes of 720
lattice point groups 720
noncentrosymmetric 738
noncrystallographic 720, 731, 851
normalizers of 723, 851
of a molecule 772
one-dimensional 143, 172
order of 720, 722, 731–735
polar 739
Schoenflies symbols for 721, 728, 732, 734, 777

Point groups
spherical 732, 734–735
stereographic projections of 721, 742, 745, 770
subgroups of 731, 735
supergroups of 731, 735

Point symmetry 163
of a lattice 143, 720, 730

Polar axis 739
Polar direction 739, 741
Polar point groups 739
Positive sense of rotation 12
Possible space groups 108
Powder diffraction, space-group determination in 127
Preimage 12
Primitive basis 25, 44, 700
Primitive cell 25, 143, 160, 164
Primitive lattice 24, 44, 699
Priority rule 44
Probability density functions (p.d.f.’s) 109
Projection

of a centred cell or lattice 167
of a symmetry element 169

Projection–slice theorem 68
Projection symmetry 167

of a point group 742, 745, 770
Projections 49, 67, 71

stereographic, of point groups 721, 742, 745, 770
Proper isometry 12
Proper subgroups 4
Prototype 135
Punktlage (position) 162
Punktsymmetrie (site symmetry) 163
Pyroelectricity 741

Quotient groups 6

R cell (rhombohedral lattice) 77, 88, 144, 150, 157
Rint 126
Rmerge 108, 126
Racemate 111
Rational linear section 68
Rational planar section 68
Rational section 67
Real crystal 12
Realization of a limiting crystal form 726, 730
Reciprocal basis 27, 83
Reciprocal lattice 27, 729
Rectangular crystal system 48
Rectangular plane groups 96
Rectangular point groups 743
Reduced basis 172, 698, 709

special conditions 710
Reduced cell 107, 114, 154, 172, 698, 709, 714

main conditions 709
special conditions 709
type of 709

Reduced form 709
Reduced magnetic superfamily 852
Reduced symmetry operation 12, 17, 91
Reflection (mirror reflection) 13, 17, 50, 145–148
Reflection conditions 112, 163, 789, 823

effect of glide reflections 112
effect of screw rotations 113
for plane groups 164, 166
general 113, 164
integral 164
serial 164–165
special 67, 113, 164, 166
transformation of 89
zonal 165

Reflection plane 13
Reflection point 172
Reflections

acentric 125
symmetry-related 112
systematically absent 67, 108, 112, 163, 789

Refraction 740
Representative group 853
Representative symmetry directions 44–45, 48
Resonant scattering 107, 114, 152–153, 849
Reverse setting of R cell 77, 88, 144, 150, 164
Reversible mapping 12
Rhombohedral axes, cell and coordinate system 77,

88, 143–144, 164, 721
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Rhombohedral Bravais lattice 142, 144
Rhombohedral lattice 26
Rhombohedral space groups 87, 142, 144, 150

diagrams for 157
Hermann–Mauguin symbols for 48, 102
reflection conditions for 164

Right coset 5
Rigid motion 12
Rod groups 68, 136, 774
Rotation 12, 16–17, 50
Rotation angle 16
Rotation axis 12, 16, 732, 739
Rotation part of a symmetry operation 779
Rotoinversion 13, 16, 50, 145
Rotoinversion axis 13, 16, 145, 732–733, 738
Rotoreflection axis 733, 738

S centring 143, 699
Scanning direction 137
Scanning group 71
Scanning tables 137
Schoenflies point-group symbols 721, 728, 732, 734,

777
Schoenflies space-group symbols 42, 49, 97, 779,

783
Screw axis 12, 164–166
Screw part of a symmetry operation 16, 779–781
Screw rotations 12–13, 17, 50, 57, 94, 145, 779

effect on reflection conditions 113
Screw vector 12–13, 17, 145, 148–149, 166
Second-harmonic generation 741
Section plane 68
Sectional layer groups 137
Sections 49, 67–68

rational 67
rational linear 68
rational planar 68

Seitz symbols 13, 51–53
Selling–Delaunay reduction 701
Serial reflection conditions 164–165
Settings 87, 91

monoclinic 77, 97, 155, 170, 790
orthorhombic 77, 98, 155
rhombohedral, obverse and reverse 77, 144,

150, 164
Shift vector 83

in lattice complexes 799
Short Hermann–Mauguin space-group symbols 43,

45
conventional 45

Shubnikov point-group symbols 777–778
Shubnikov space-group symbols 779, 783
Shubnikov symbols for symmetry elements 777
Side-preserving operation 69
Side-reversing operation 69
Simplest symmetry-operation rule 44, 46
Site-set symbol 799
Site symmetry 63

of point groups 722–724, 727, 733
symbols for 63, 163, 724, 727, 770

Site-symmetry group 10, 31, 61–62, 792
Sohncke space-group types 826
Sohncke space groups 111, 775, 848
Space-group determination 107, 163

by electron microscopy 128
for nanocrystals 128
in macromolecular crystallography 126
in powder diffraction 127

Space-group numbers 42
Space-group operation 22
Space-group symbols

changes of 145, 152, 790
explicit 42
for use in computer programs 42
international symbols 151, 778, 780
Hermann–Mauguin symbols 43, 49, 91, 95, 97,

151, 779, 783
Schoenflies symbols 42, 49, 97, 779, 783
Shubnikov symbols 779, 783

Space-group tables, computer production of 172
Space-group types 31

characteristic 794
sequence of 49
Sohncke space-group types 826

Space groups 22, 42
achiral 848
chiral 848
classification of 31, 142
diagrams for 56, 154
enantiomorphic 108, 826
enantiomorphic, subgroups of 134
fixed-point-free 62
generation of 59–60
incorrect assignment of 167, 824
lattice complexes of 802
magnetic 852
non-symmorphic 31
normalizers of 827, 830–831, 839, 842, 847
one-dimensional (line groups) 143, 172
possible 108
Sohncke space groups 111, 775, 848
symmetry elements and operations of 145
symmorphic 31, 152–153
transformations between different descriptions

of 87
SPACER 173
Special crystal form 722, 724, 729
Special point 722
Special point form 722
Special position 10, 62, 162, 722
Special-position absences 114
Special projections 167
Special reflection conditions 67, 113, 164, 166
Specialized metrics 36, 827, 829
Sphere group 734, 851
Sphere packings 800
Spherical-atom approximation 113
Spherical point groups 732, 734–735
Square crystal system 49
Square plane groups 96
Square point groups 743
Stabilizers 9, 112
Stereographic projections of point groups 721, 742,

745, 770
Structural (non-space-group) absences 167
Structure factors

cumulative distributions of 109
effect of space-group symmetry on 112
equivalent lists of 849
histograms of 109
normalized 109
parity classes of 849
probability density functions (p.d.f.’s) of 109
statistics for 109

Structure validation 110
Subgroups 4, 132, 134

affine equivalent 849
conjugate 6, 163, 731, 736, 792, 850
diagrams of 4
Euclidean equivalent 849
general 133
index of 5, 133, 830, 850
isomorphic 134, 136
isotropy subgroup 112
klassengleiche (k-) 133–135, 782
location of 856
maximal 4, 133, 731, 736
maximal, chains of 132
maximal isomorphic 134
maximal non-isomorphic 134
normal 6, 731
of enantiomorphic space groups 134
of magnetic groups 852, 863
of point groups 731, 735
proper 4
translation subgroup 22, 29, 54, 69, 73, 92,

700
translationengleiche (t-) 133, 135, 731
trivial 4

Sublattices
index of 718
number of 718

Subperiodic groups 68, 136, 852
Supergroups 4, 132, 134

affine equivalent 849
Euclidean equivalent 849
index of 731
minimal 134, 731

Supergroups
of point groups 731, 735
translationengleiche (t-) 731

Surjective homomorphism 8
Symbols

Belov–Neronova–Smirnova (BNS), for magnetic
group types 863

diffraction symbols 114
explicit space-group symbols 42
for Bravais types of lattice 142–143
for centring types 144, 171
for crystal classes 143, 728, 730
for crystal families 142–143
for glide planes 779
for glide reflections 48, 57, 145
for lattice complexes 798–800, 823–824
for line groups 143, 172
for magnetic group types 853
for plane groups 45, 48, 95–96, 143, 151–152
for plane groups, changes of 152
for site symmetries 63, 163, 724, 727, 770
for space groups, changes of 152, 790
for symmetry elements and operations 50–51,

144–149, 777, 779
Hall symbols 42
Hermann–Mauguin plane-group symbols 48, 152
Hermann–Mauguin point-group symbols 721,

724, 732–734, 777–778
Hermann–Mauguin space-group symbols 43, 49,

91, 95, 97, 151, 779, 783
international, for symmetry elements 777
international point-group symbols 728
international space-group symbols 151, 778, 780
Jones’ faithful representation symbol 51
Opechowski–Guccione (OG), for magnetic

group types 854, 863
Schoenflies point-group symbols 721, 728, 732,

734, 777
Schoenflies space-group symbols 42, 49, 97, 779,

783
Seitz symbols 13, 51–53
Shubnikov, for symmetry elements 777
Shubnikov point-group symbols 777
Shubnikov space-group symbols 779
site-set symbol 799

Symétrie ponctuelle (site symmetry) 163
Symmetrische Sorten 700, 703, 715
Symmetry

black-and-white 154
colour 152, 790
generalized 790
inherent (eigensymmetry) 723–724, 727, 739
molecular 772
noncrystallographic 731, 733–734, 851
of a crystal face 722–723
of diffraction record 720
of physical properties 737
of special projections 167, 722, 862
Patterson symmetry 152–153

Symmetry axes 148
Symmetry centre 721
Symmetry directions 44, 151, 777–778, 790

representative 44–45, 48
Symmetry elements 4, 19–20, 144

additional 55, 91–92, 781–782
diagrams of 57, 154, 721
for magnetic groups 859
projection of 169
symbols for 144–149, 777, 779

Symmetry enhancement of Euclidean normalizers
828–829

Symmetry operations 2, 12, 160–161
additional 55, 91–94
coaxial 92
column part of 13
composition of 2
coplanar 92
defining symmetry operation 145
for magnetic groups 861
glide part 16, 779–781
intrinsic translation part 16–17, 55, 91
linear part of 13
location of 93–94
location part 17, 55, 91, 779–780
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Symmetry operations
matrix part of 13
matrix representation of 160, 162, 721, 729, 735,

779
reduced 12, 17, 91
relationship to general position 53
rotation part 779
screw part 16, 779–781
simplest symmetry-operation rule 44, 46
symbols for 50–51, 145, 777
transformation of 84, 89
translation part 13, 779–780
type of 16, 55, 91

Symmetry reduction 850
Symmetry-related reflections 112
Symmorphic space groups 31, 152–153
Systematic absences 67, 108, 112, 163, 789

Tensor properties 741
Tetartohedry 720, 731
Tetragonal crystal system 143
Tetragonal point groups 143, 749
Tetragonal space groups

diagrams for 157
Hermann–Mauguin symbols for 47, 100

Thin films 136
Topological characterization of lattice characters 714
Topological properties of lattices 698
Topotactic reaction 132, 136
Trace of a matrix 16
Transformation of coordinate system 24, 75–77

contravariant quanities 83
covariant quantities 83
general 83
linear part 76

Transformation of Miller indices 83, 85, 849
Transformation of reflection conditions 89
Transformation of symmetry operations 84, 89
Transformations between different space-group

descriptions 87
Translation 12, 50
Translation part of a space-group operation 22
Translation part of a symmetry operation 13, 779–780

intrinsic 16–17
Translation subgroup 22, 29, 54, 69, 73, 92, 700
Translationengleiche (t-) subgroups 133, 135
Tree of group–subgroup relations 135
Triclinic crystal system 143
Triclinic point groups 745
Triclinic space groups

diagrams for 154
Hermann–Mauguin symbols for 45, 97

Trigonal crystal system 142–143
Trigonal point groups 143, 752
Trigonal space groups

diagrams for 157
Hermann–Mauguin symbols for 47, 102

Trivariant lattice complex 795
Trivial subgroup 4
Truncation of a polyhedron 730
Twin boundary 137
Twinning 111, 136

by merohedry 740
Two-dimensional space groups, see plane groups
Type of reduced cell 709
Type of symmetry operation 16, 55, 91

Uniaxial crystals 740
Unique monoclinic axis 46, 87–88, 97, 150, 155,

170

Unit cell 24, 698
centred 25
conventional 25
primitive 25

Unit (or identity) element 2
Univariant lattice complex 795

Vector space 22
VESTA 158, 173
Voronoi domain 24, 698, 710
Voronoi type 700

Wallpaper groups 48, 71
Weissenberg complexes 795–796, 800
Wigner–Seitz cell 24, 698
Wirkungsbereich (domain of influence) 24, 698
Wyckoff letter 63, 162, 722, 727, 733
Wyckoff positions 10, 62, 162, 795

affine equivalent 846
assignment to lattice complexes 798,

800–802
characteristic 794, 798–799, 801–802
equivalent 838
Euclidean equivalent 846
for magnetic groups 862
limiting form of 723
of a crystal or point form 722, 727
relations between 132, 136
splitting of 135

Wyckoff set 64–66, 792, 800–802, 846
characteristic type of 794

Zonal reflection conditions 165


