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t ime w i t h o u t  a de t e r io ra t i on  of  the qua l i ty  o f  the  
s t ruc tu re - fac to r  set. The  larges t  effect is o b t a i n e d  for  
crysta ls  w i th  a large  un i t  cell, crystals  h a v i n g  w e a k  
ref lexions  a n d  those  suffer ing f rom r a d i a t i o n  damage .  

We wish to thank Dr V. Lunin for valuable dis- 
cussions. 

References 
ARNDT, U. W. (1968). Acta Cryst. B24, 1355-1357. 
AZAROFF, L. V. (1954). Rev. Sci. Instrum. 25, 928-929. 
BLUNDELL, T. L. & JOHNSON, L. N. (1976). Protein Crystallo- 

graphy. New York, London, San Francisco: Academic Press. 
BUERGER, M. J. (1964). The Precession Method in X-ray Crystal- 

lography. New York: John Wiley. 
CHIRGADZE, Yu. N., SERGEEV, Yu. V., FOMENKOVA, N. P., 

NIKONOV, S. V. & LUNIN, V. YU. (1980). Dokl. Akad. Nauk 
SSSR, 250, 762-765. English trans.: Proc. USSR Acad. Sci. 250, 
42-45. 

COLMAN, P. M., JANSONIUS, J. N. & MATTHEWS, B. W. (1972). 
J. Mol. Biol. 70, 701-724. 

DONALD, W., MUSICK, L. & ROSSMANN, M. G. (1979). J. Biol. 
Chem. 254, 7611-7620. 

GILLAND, G. L. & QUIOCHO, F. A. (1981). J. Mol. Biol. 146, 
341-362. 

HAMILTON, W. C., ROLLE'I'T, J. C. & SPARKS, R. A. (1965). Acta 
Cryst. 18, 129-130. 

HOLMES, M. A. & MATTHEWS, B. W. (1982). J. Mol. Biol. 160, 
623-639. 

HONZATKO, R. B., CRAWFORD, J. L., MONAKO, H. L., LADNER, 
J. E., EWARDS, B. F. P., EVANS, D. R., WARREN, S. G., WILEY, 
D. C., LADNER, R. C. & LIPSCOMB, W. N. (1982). J. Mol. Biol. 
160, 219-263. 

JOHNSON, L. N., STURA, E. A., WILSON, K. S., SANSOM, 
M. S. P. • WEBER, I. T. (1979). J. Mol. Biol. 134, 639-653. 

LESLIE, A. G. W. & WONACOTT, A. J. (1983). J. Mol. Biol. 165, 
375-391. 

MATI'HEWS, B. W., FENNA, R. E., BOLOGNESI, M. C., SCHMID, 
M. F. & OLSON, J. M. (1979). J. Mol. Biol. 131, 259-285. 

MURTHY, M. R. N., GARAVITO, R. M., JOHNSON, J. E. & 
ROSSMANN, M. G. (1980). J. Mol. Biol. 138, 859-872. 

MURTHY, M. R. N., REID, T. J. III, SICIGNANO, A., TANAKA, 
N. & ROSSMANN, M. G. (1981). J. Mol. Biol. 152, 465-499. 

NIKONOV, S. V. & CHIRGADZE, YU. N. (1981). Kristallografiya, 
26, 687-694 English trans.: Soy. Phys. Crystallogr. 26, 390-394. 

REMINGTON, S. J., ANDERSON, W. F., OWEN, J., TEN EYCK, 
L. F., GRAINGER, C. T. & MATFHEWS, B. W. (1978). J. Mol. 
Biol. 118, 81-98. 

ROSSMANN, M. G., LESLIE, A. G. W., ABDEL-MEGUID, S. S. & 
TSUKIHARA, T. (1979). J. Appl. Cryst. 12, 570-581. 

SCHU'rT, C. & WINKLER, F. K. (1977). In The Rotation Method 
in Crystallography. Amsterdam: North-Holland. 

STAMMERS, D. K. & MUIRHEAD, H. (1977). J. Mol. Biol. 112, 
309-316. 

STUART, D. I., LEVINE, M., MUIRHEAD, H. & STAMMERS, D. K. 
(1979). J. Mol. Biol. 134, 109-142. 

VARGHESE, J. N., LAVER, W. G. d~ fOEMAN, P. M. (1983). Nature 
(London), 303, 35-40. 

WEBER, E., PARAMOKOS, E., BODE, W., HUBER, R., KATO, I. 
& LASKOWSKI, M. JR (1981). J. Mol. Biol. 149, 109-123. 

WEBER, P. C., BARTSH, R. G., CUSANOVICH, M. A., HAMLIN, 
R. C., HOWARD, A., JORDAN, S. R., K.AMEN, M. D., MEYER, 
T. E., WEATHERFORD, D. W., XUONG, N. & SALEMME, F. R. 
(1980). Nature (London), 286, 302-304. 

WEBER, P. C., HOWARD, A., XUONG, N. & SALEMME, F. R. 
(1981). J. Mol. Biol. 153, 399-424. 

WONACOTr, A. J. (1977). In The Rotation Method in Crystallo- 
graphy. Amsterdam: North-Holland. 

ZELWER, C., RISLER, J. L. & BRUNIE, S. (1982). J. Mol. Biol. 155, 
63-81. 

S H O R T  C O M M U N I C A T I O N S  

Contributions intended for publication under this heading should be expressly so marked; they should not exceed about 1000 
words; they should be forwarded in the usual way to the. appropriate Co-editor; they will be published as speedilyas possible. 

Acta Cryst. (1985). A41, 203-204 

Revised space-group frequencies for organic compounds.* By JERRY DONOHUE, Department of  Chemistry 

and Laboratory for Research on the Structure of  Manet, University o f  Pennsylvania, Philadelphia, Pennsylvania 19104, USA 

(Received 5 June 1984; accepted 25 September 1984) 

Abstract 
In a recent paper Mighell, Himes & Rodgers [Acta Cryst. 
(1983), A39, 737-740] reported the space-group frequency 
for nearly 30 000 organic compounds in the NBS Crystal 
Data Identification File [(1982). JCPDS, Swarthmore, PAl. 
When the frequencies tabulated by Mighell et al. for those 

* Supported in part by Research Grant No. GM20611 from the 
USPHS, national Institute for General Medical Sciences, and in 

space groups that do not contain any operations of the 
second kind are revised somewhat different results are 
obtained. (Numbers given by Mighell et al. are given in 
parentheses.): 75% (75%) of compounds fall into only five 
space groups: P21/c, 29.2% (36.0%), P212121, 18.8% 
(11.6%), P i ,  l l . l %  (13.7%), P21, 10.9% (6.7%) and 
C2/c, 5.4% (6.6%); 12(16) space groups account for 87% 
(90%) of the compounds. 

part by the National Science Foundation, MRL Program, under M a k i n g  use of the NBS  Crystal Data Identification File 
Grant No. DMR-8216718. (1982), Mighell, Himes & Rodgers (1983) calculated the 
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Table 1. Revised frequencies for 53 space groups 

Not including 12 unoccupied space groups. 

Space Revised Space Revised 
group Number frequency group Number frequency 
P1 1 610 I4322 98 2 
P2 3 22 P3 143 20 
P21 4 3914 P3t 144 31 
C2 5 546 P32 145 31 
P222 16 14 R3 146 80 
P222, 17 18 P321 150 10 
P21212 18 374 P3t21 152 35 
P212121 19 6718 P3221 154 35 
C2221 20 172 R32 155 46 
C222 21 10 P61 169 30 
I222 23 14 P6 s 170 30 
I2t2121 24 10 P62 171 5 
P4 75 2 P64 172 5 
P41 76 54 P63 173 66 
P42 77 6 P622 177 4 
P43 78 54 P6122 178 7 
14 79 24 P6322 179 7 
143 80 18 P6222 180 5 
P422 89 2 P6422 181 5 
P42 t 2 90 8 P6322 182 12 
P4122 91 4 123 197 6 
P41212 92 145 P2~3 198 30 
P4222 93 4 F432 209 2 
P422,2 94 14 F4132 210 6 
P4322 95 4 P4332 212 2 
P432t2 96 145 P4t32 213 2 
I422 97 4 

Table 2. The 12 space groups with the highest frequencies 

Number Number 
Space of Percent Space of Percent 
group entries of total group entries of total 
P21/c 10450 29.2 PI 610 1-7 
P212,2, 6718 18.8 Pnma 548 1 "5 
P1 3986 1 I. I C2 546 1 '5 
P21 3914 10.9 Pna21 513 !.4 
C2/c 1930 5-4 P2t212 374 1.0 
Pbca 1261 3"5 Pbcn 341 1.0 

lished the space group of L-threonine as P2~2~2~ they 
automatically established the space group of D-threonine 
also as P2~2~21, without ever seeing any of that substance. 
On the reasonable assumption that, because we are con- 
cerned here with organic molecules, all of the 3359 crystals 
in the file that were found to have space group P212~2~ will 
have a corresponding enantiomer with that space group, 
so the frequency should be doubled. This same situation 
will obtain for the other 64 space groups that contain no 
symmetry operations of the second kind. These are those 
space groups belonging to point groups 1, 2, 222, 4, 422, 
3, 32, 6, 622, 23 and 432. In the case of the ten enantiomeric 
pairs, for example, P4~ and P43, for which 47 crystals were 
found for the former, and seven for the latter, the results 
should be combined, to give 54 for each for that pair; 
similar calculations were made for the other nine pairs. For 
the remaining space groups the number of entries should 
be doubled. The revised frequencies are presented in Table 
1. This table should be combined with the unrevised values 
of Table 1 of Mighell et al. to give the complete set of 
frequencies for the 230 space groups. The total number of 
crystals is increased from 29 059 to 35 771. 

In the unlikely event that two different sets of inves- 
tigators reported determinations, say, of D-tartaric acid in 
one laboratory and L-tartaric acid from a second laboratory, 
the space group for both will already be in the file, and the 
frequency number for P2~ will be over-revised. I believe 
that the chance that this has happened is very small indeed. 

The rank order of the first five most populous space 
groups is changed, with P2~2~2~ now in second place in- 
stead of P1. The first 12 in the list are presented in Table 
2. Each of the remaining 218 space groups has less than 
1% of the total. 

The precautionary remarks of Mighell et al. still, of 
course, apply. 

I thank Dr Richard E. Marsh for interesting suggestions. 

frequency of occurrence for each of the 230 space groups. 
This file is based on structures that have been reported in 
the literature. 

However, for some compounds a space-group determina- 
tion has an added bonus in that a second space-group 
determination is automatically made. Thus, when 
Shoemaker, Schomaker, Donohue & Corey (1950) estab- 
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Abstract 

Several authors have reported the occurrence of a sharp 
peak doublet in certain rocking curves calculated for vol- 
tages near the critical voltage in electron diffraction. It is 

shown that such peaks are only artefacts due to the use of 
an approximation that becomes invalid under illumination 
conditions for which the main Bloch waves are nearly 
degenerate. 
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