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Crystal Data Space-Group Tables 

Alan D. Mighell and Helen M. Ondik 

Institute for Materials Research, National Burea~t of Standards, Washington, D.C. 20234 

and 

Bettijoyce Breen Molino 

Office of Standard Reference Data, National Bureau of Standards, Washington, D.C. 20234 

Crystal Data Space-Group Tables lists over 17,000 materials whose space groups and 
symmetry have been determined mainly by x-ray diffraction. These tables comprise a 
companion publication to Crystal Data Determinative Table8. The space groups are listed in 
the same order and orientation as in International Tables for x-ray Crystallography. Within 
each space group, the materials are arranged in increasing order of the ratios of the cell 
parameters. The space-group tables enable the user to find crystals of any specified symmetry, 
to locate isostructural molecules, and to compare the population frequencies of the various 
space groups. 

Key words: Crystal; isostructural materials; lattice; point group; polymorphism; space 
group; symmetry. 

Introduction 

In recent decades, the importance of symmetry in 
physics, chemistry and biology has been widely 
recognized. Knowledge of symmetry aids theoretical 
studies and the interpretation and understanding of 
physical phenomena. In fact, it is thought that every 
law of physics goes back to some symmetry of nature 
[IV Such information helps in the study of electronic 
wave functions, lattice dynamics, and point defects 
in crystalline lattices. Knowledge of the point-group 
symmetry of the molecule greatly simplifies the 
interpretation of molecular spectra and makes possible 
the identification of modes of vibration and rotation. 
The point-group symmetry of a molecule can fre­
quently be determined from knowing the space 
group in which the compound (or a similar one) 
crystallizes and the number of molecules in the unit 
cell. Symmetry plays a vital role in the intuitive 
grasp of and precise mathematical description of 
physical properties associated with a crystal. Sym­
metry aids in the interpretation of elasticity, bire­
fringence, refraction, para-, dia-, and ferro-magnetism, 
pyro-, piezo-, and ferro-electricity, magnetic suscepti­
bility, polarizability, and electrical and thermal 
conductivity. For a detailed discussion of the structure­
property relationships see N ye [2J and N ewnham [3]; 
for an extensive mathematical treatment of symmetry 
see International Encyclopedia oj Physical Chemistry 
and Chemical Physics [4]. 

, Figures in brackets indicate literature references. 
Copyright@1977 by the U.S. Secretary of Commerce on behaH of tbe United 
States. This copyright will be assigned to the American Institute of Physic. and the 
American Chemical Society, to whom all requests regarding reproduction should 
be addressed. 

The space group provides the scientist with the 
symmetry elements of the crystal and from these 
one can often deduce the symmetry of a given con­
stituent ion or molecule. X-ray diffraction is the 
principal experimental tool for determining the space 
group of a crystal. A complete list and discussion of 
the 230 space groups is given in International Tables 
Jor X-ray Crystallography [5]. 
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Crystal Data Space-Group Tables lists compounds 
according to the space group inwhich they crystallize. 
Earlier tables of compounds listed by space group 
[6,7] have been used by scientists in a variety of 
disciplines (crystallography, spectroscopy, solid state 
physics, materials science, mineralogy, etc.) to find 
compounds that may possess certain properties. 

The first publication that classified crystalline 
materials by space group was Systematic Tables, 
Part 1 oj Crystal Data by Werner Nowacki [6]. This 
publication provided scientists with a source that 
listed all the compounds whose space groups had been 
studied to that date. Nowacki also subdivided the 
compounds listed in each space group into categories 
determined by the chemical composition. In Part II 
of Crystal Data, by J. D. H. Donnay [61, crystalline 
substances are classified on the basis of the cell 
dimensions. The second edition of Crystal Data 
consists of two companion publications, Crystal Data 
Determinative Tables [8], and Crystal Data Systematic 
Tables [7]; Nowacki based Systematic Tables on 
Determinative Tables [8J. The present publication, 
Cryst.al Data Space-Group Tables is based on the 
third edition of Determinative Tables [9], thus following 

J. Phys. Chern. Ref. Dala, Vol. 6, No.3, 1977 

lpaek

lpaek

lpaek

lpaek

lpaek

lpaek

lpaek

lpaek

lpaek

lpaek

lpaek

lpaek



676 MIGHEll, ONDIK, AND MOLINO 

a pattern now familiar to users. In the following 
space-group tables, the user can find isostructural 
materials and crystals of given symmetry. Isostructural 
materials can be located readily, because substances 
with the same space group and similar cell dimension 
ratios appear close to one another in these tables. 
Polymorphic substances can be identified by noting 
compounds with the same formula that crystallize 
in different space groups. For new materials, the 
space-group tables will sometimes eliminate the need 
for a full x-ray structure determination or will provide 
a short cut to the structure solution. Information 
gleaned from these tables may suggest or support 
theoretical studies on why materials crystallize in 
some space groups more than in others. 

These space-group tables, like those of Nowacki 
[6, 7], make the primary classification by space 
group. They differ, however, because within each 
space group the compounds are ordered by their 
cell dimensions rather than by their chemistry. 
'1'he introduction to the third edition of Determinative 
Tables [9] gives the types of compounds included, 
the literature coverage, and the rules of the deter­
minative classification. Supplementary volumes to 
the third edition of Determinative Tables are in prepara­
tion and as they are completed, the space-group tables 
will be revised to include the new materials. 

Arrangement of These Space-Group Tables 

The space-group tables were prepared from NBS 
Magnetic Tape 9 2 which contains data selected 
from each entry in the third edition of Determinative 
Tables. All those entries for which the space group 
is given were taken from the tape. The entries were 
sorted first on the space group number (1 through 
230) and then on the determinative number: alb 
for the trimetric crystal systems, cia for the dimetric 
systems, and a for the cubic system. 

The space groups are listed in the same order and 
expressed in the same orientation as in Volume 1 of 
International Tables jor X-ray Crystallography. The 
fonowing conventions are followed: 

(1) For monoclinic crystals, the unique axis is labeled 
b. Thus crystals in space group No. 14 (which may 
have any of the equivalent descriptions P2I/c=P2I/a 
=P2I/n) are all listed under P2I/c. 

(2) Rhombohedral cells are always expressed as 
their hexagonal equivalents. Their determinative 
numbers are, therefore, the cia ratios for the hexagonal 
cells. . 

(3) There are 22 space groups that form 11 enantio­
morphic pairs. For each of the 11 pairs, all entries 
reported for both members of the pair are listed 
under the space group with the lower order number. 

, For information about the tape and its lease, contact the National Technical 
Infonnatlon Service (NTIS), Department of Commerce, 5285 Port Royal lWad, 
Springfield, VA 22151. 
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These pairs are: 
for the tetragonal system, 

P4! No. 76 
P43 No. 78 

P4122 No. 91 
P4a22 No. 95 

for the hexagonal system, 

P3! No. 144 
P3z No. 145 

P62 No. 171 
P64 No. 172 

P3112 No. 151 
P3212 No. 153 

P61 No. 169 
P65 No. 170 

P6122 No. 178 
P6522 No. 179 

for the cubic system, 

P4332 No. 212 
P4132 No. 213. 

P41212 No. 92 
P4a212 No. 96 

P3 121 No. 152 
P3z21 No. 154 

P6222 No. 180 
P6422 No. 181 

The heading preceding any given space group in­
cludes: the space group in both Hermann-Mauguin 
and Schoenflies notations, the point group, the space­
group number, and the number of inorganic and 
organic entries that occur in the space group. Under 
each space-group heading, the entries are listed in 
increasing order of the determinative number. 

Next to the determinative number comes the 
chemical formula of the substance as it appears in 
the entry in the third edition of Determinative Tables. 
The determinative number refers the user to the com­
plete entry in Determinative Tables which contains the 
fun compound name, unit call, literature references, 
and other data. Note that a compound may occur 
several times under a given space group since there 
are multiple entries for many compounds in the 
Determinative Tables. If the same compound appears 
under more than one space group, polymorphism is 
usually indicated. Oceasionally multiple listing occurs 
because scientists have disagreed about the space­
group assignment. 

Statistics 

The space-gro~p tables make possible the analysis 
of the population frequency by crystal system and 
by space group. The results of such an analysis are 
given in tables 1, 2, and 3 of this introduction. For 
earlier statistical analyses of the space group occur­
rences and their significance see Crystal Data Sys­
tematic Tables [7], Nowacki's early papers [10] and 
Nowacki, Matsumoto, and Edenharter [11], and 
Maekay [12]. Care must be exercised in making any 
statistical analyses from the present tables or in 
comparing them with Nowacki's earlier tables for 
the following reasons: (1) we did not eliminate mul­
tiple entries for eompounds in our listing and count­
ing; (2) eertain groups of compounds, namely carbides, 
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carbonates, cyanides and cyanates occur in both the 
inorganic and organic lists; (3) Nowacki assumed 
certain space groups in cases where only a diffraction 
aspect was assigned in the third edition of Crystal 
Data Determinative Tables [9] (our space-group listing 
does not include diffraction aspects). Our tables show 
a great increase over Nowacki's Systematic Tables in 
some space groups of high symmetry because the 
third edition of Determinative Tables included many 
intermetallics which had been omitted from the second 
edition. In addition, statistical analyses of these data 
should be interpreted with caution since the numbers 
of compounds in various space groups are strongly 
influenced by the groups of compounds scientists have 
chosen to study. For instance, large series of certain 
structure types such as the garnets and pyrochlores 
have been synthesized and investigated. Variations in 
public support and in what is scientifically fashionable 
at different times also influence the coverage. 

Taking the above precautions into account, one 
may still draw valid conclusions concerning those 
space groups with very high population frequency 
and those with very low. Table 3 shows, for example, 
that there are many space groups with few representa­
tives and only a few space groups with many repre­
sentatives. In his books on molecular crystallognl,phy, 
Kitaigorodsky [13, 14] has shown the prevalence of 
certain space groups among organic compounds, and 

interpreted the reasons for this prevalence. Our tables 
further support his ideas. The molecular crystals of 
most organic compounds are rather easily represented 
by the packing of simple geometrical models. If all 
possible packings of solids of various models are 
examined, there are only a few space groups in which 
efficient packing is possible (closest packing or maxi­
mum density). Kitaigorodsky showed that for mole­
cules without symmetry elements the following space 
groups provide the most efficient packing: PI, P2r, 
P21/c, Pca21, Pna2] , P2 j 2j 2!. For molecules with a 

TABLE 1. Population frequency by crystal system 

Space- Inor- Or-
Crystal system group ganic ganic Total 

numbers 

Anorthic 1-2 223 434 657 
Monoclinic 3-15 1,586 2,915 4, 501 
Orthorhombic 16-74 2, 130 1,717 3,847 
Tetragonal 75-142 1,534 316 1,850 
Hexagonal 143-194 2, 782 369 3, 151 
Cubic 195-230 3,386 175 3, 561 

Totals In, 641 I 5,926 17, 567 

TABLE 2. Frequency for closest packed and maximum density space groups for organic crystals a 

Molecular Number of Percent of Percent of 
symmetry b Space group entries 0 total organic organic entries 

entries d in crystal system 

r 
57 1 13 

P21 458 8 16 
1 Pca21 44 1 3 

Pna21 100 2 6 
P212121 722 12 42 

F/' 1783 30 61 

PI 377 6 87 

I Pbca 210 4 12 
C2jc 315 5 11 

2 1P2'2'2 104 2 6 
Pbcn 65 1 4 

rmC21 4 0.07 O. 2 
m CmC21 9 0.15 O. 5 

Pnma 124 2 7 -- --
4372 74% 

.. See Kitaigorodsky [13] for deta.iled discussion. 
b Molecules with the specified symmetry element(s) can pack efficiently in the indicated space 

groups. 
e Number of entries in the space-group tables. 
d Note that: 

30 percent of all organic entries are in P2t!c. 
65 percent of all organic entries are in PI, P2!, P2J/c, C2/c, P21212!, Pbca. 
87 percent of all monoclinic entries are in 3 space groups, 1>21, P2dc, C2/c. 
54 percent of all orthorhombic entries are in 2 space groups, P21212h Pbca. 

J. Phys. Chem. Ref. Dala, Vol. 6, No.3, 1977 
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TABLE 3. Space group frequency a 

Many space groups have only a few representatives; a few space groups have many representatives. 

Inorganic Organic 

No. of cam- No. of cam-
No. of space pounds in No. of space pounds in 

groups b each space groups b each space 
group group 

1 (Fm3m) 991 1 (P2dc) 1783 
1 (Pnma) 794 1 (P212121) 722 
1 (Fd3m) 651 1 (P2,) 458 
1 (P63/mmc) 637 1 (Pi) 377 
1 (P2dc) 588 1 (C2jc) 315 
1 (Pm3m) 573 1 (Pbca) 210 
1 (R3m) 451 1 (Pnma) 124 
1 (C2/m) 310 1 (P21212) 104 
1 (C2/c) 301 1 (Pna21) 100 
1 (Cmcm) 258 1 (C2) 80 
1 (Ra) 226 1 (P2I/m) 77 
1 (P3ml) 225 1 (Fm3m) 66 
1 (P6/mmm) 220 1 (Pbcn) 65 
1 (I4/mmm) 215 1 (PI) 57 
1 (pT) 207 1 (Ce) 50 

12 101-200 1 (RS) 50 
11 61-100 9 31-.50 
15 41-60 16 16-30 
19 26-40 22 9-15 
21 17-25 19 5-8 
25 10-16 

2O} 4 

31} 5-9 17 3 
30 c 3-4 18 c 2 
22 1-2 27 1 
18 0 55 0 

I 

a There are 17,567 compounds (whose space groups have been determined) in the 3rd edition of Crystal Data. 11,641 are 
classified as inorganic; 5,926 as organic. ' 

b Total=219 (11 enantiomorphic pairs) . 
• Note that 137 space groups for the organic compounds have 4 or fewer compounds; for the inorganic 101 have 9 or fewer 

representatives. 

center of symmetry, the space groups are: PI, P2dc, . 
02/c, Pbca; for a 2-fold axis, 02/c, P21212, Pbcn; for 
a mirror plane, Pmc2 lt Cmc211 Pnma. Table 2 gives 
the frequency of the above space groups in our com­
pilation. As suggested by earlier data, these are 
indeed (with a couple of exceptions) very common 
space groups. 

The fact that the majority of organic molecules fall 
in the first three crystal systems and in a relatively 
few space groups is explained, then, by the simple 
packing arguments outlined by Kitaigorodsky. The 
situation is more complex for the inorganic materials 
because of the diversity of materials and the variety 
of bonding types (see Wells [15]). Table 1 shows that 
the inorganic crystal systems are much more evenly 
populated than the organic. Nevertheless, we again 
note a concentration within a few space groups. For 
the cubic system, two-thirds of the compounds are 
described in Fd3m (pyrochlore type and derivative 
sturctures), Fm3m (N aCl type and derivative stnlC-

J. Phys. Chern. Ref. Oa'". Vol. 6, No.3, 1977 

tures), and Pm3m (OsOl type, simple perovskite type, 
and their derivative structures). Similarly, for the 
hexagonal system, more than one-third of the com­
pounds crystallize in P6s/mmc (a variety of inter­
metallic structure types) and R3m (apatite type, and 
intermetallic structure types). 

The authors gratefully acknowledge the assistance 
rendered by the staff of the Data Systems Design 
Group in the Office of Standard Reference Data in 
the preparation of these tables, in particular, that of 
Carla G. Messina for preparing copy by using her 
computer-type-setting programs. The stripping and 
sorting of the NBS Magnetic Tape 9 was performed 
with Omnidata, a general purpose data analysis 
retrieval system developed by the Data Systems 
Design Group. We especially wish to thank Robert J. 
Boreni of the Crystallography Section for his technical 
assistance in editing and preparing the camera-ready 
copy. 
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