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All space groups can be distinguished in their vector representations, except that one cannot 
distinguish between the members of the eleven enantiomorphous pairs. This means that the space 
groups of all drystals can be distinguished in their Patterson syntheses, except that one cannot 
distinguish between the members of the eleven enantiomorphous pairs. All but eight of the 
distinguishable space groups can be recognized in Patterson synthesis merely by their symmetry 
plus the locations of heavy concentrations. Five of these eight can be distinguished by simple 
qualitative features of the patterns in the concentration loci, while the other three can be 
distinguished if the data for the Patterson synthesis is on an absolute basis. A table listing the 
symmetrical concentrations for the 230 space groups is given. These concentrations are also the 
only possible ttarker sections. 

At the 1946 meeting of the American Society for X-ray 
and Electron Diffraction at Lake George, New York, 
the writer pointed out (Buerger, 1946) that  all space 
groups except a very limited number of pairs could be 
distinguished by their Patterson syntheses. The matter 
was touched upon again in discussing vector sets 
(Buerger, 1950a), and in some greater detail under the 
title The Crystallographic Symmetries Determinable by 
X-ray Diffraction (Buerger, 1950b). In preparing this 
last paper, the writer had available a manuscript table 
composed for inclusion in the International Tables for 
X-ray Crystallography listing the specific characteristics 
of the vector representations of the 230 space groups. 
In order to correct errors in these tables, and also be- 
cause of the recent development of interest in sym- 
metry determination by X-ray means (Wilson, 1949; 
Rogers, 1949), it appears desirable to publish these 
tables in advance of their appearance in the Inter- 
national Tables. The writer would be grateful to receive 
at the earliest possible date notice of errors which are 
discovered in them. 

In the earlier contributions (Buerger, 1950a, b), it 
was pointed out that  symmetry other than pure inver- 
sion symmetry leaves a record in vector sets in the form 
of characteristic concentrations of points. Reflection 
symmetries correspond to linear concentrations in the 
vector set, while rotational symmetries appear as 
planar concentrations. The translational component of 
the symmetry element can be identified from the specific 
locations of the concentrations. In the accompanying 
Table 1 the last two columns list the specific sets of 
concentrations for each of the 230 space groups. 

I t  often occurs that  a linear concentration is embedded 
in one or more planar concentrations. The relations 
between such coincidences are indicated by a subscript 
in the accompanying table. Thus, if the co-ordinates of 

a linear concentration are followed by a subscript, the 
same subscript is appended to a planar concentration 
in which the linear concentration is embedded. A linear " 
concentration can be embedded in no more than two 
symmetrically non-equivalent planar concentrations. 

The table lists only linear and planar concentrations 
which are not symmetrically equivalent. In general, 
the co-ordinates of concentrations are given for a set 
of concentrations in the immediate vicinity of the 
origin lattice point. 

:Nineteen pairs of space groups are bracketed in the 
table. The individuals of these pairs cannot be separ- 
ately distinguished by the symmetry of the vector set 
plus the mere co-ordinates of the concentrations. All 
but the eleven enantiomorphic pairs, however, can be 
distinguished by taking into account not only the co- 
ordinates, but also some simple qualitative aspects (for 
five pairs of space groups) or simple quantitative aspects 
(for three more pairs of space groups) of the patterns in 
the concentrations. The specific methods of distin- 
guishing between pairs in these cases are discussed 
elsewhere (Buerger, 1950 b). 

Every concentration listed in the table is a Harker 
section (Harker, 1936). Where the table shows that a 
linear concentration is embedded in a planar concentra- 
tion, the axial Harker synthesis has reflection satellites 
(Buerger, 1946). The table is thus a complete guide to 
the possible Harker syntheses of the space groups. 

References 
BV-ERG~R, M. J. (1946). J. Appl. Phys. 17, 579. 
BtrERGV.R, M:. J. (1950a). Acta Cryst. 3, 87. 
B~rERG~R, M. J. (1950b). Proc. Nat. Acad. Sci., Wash., 

36, 324. 
I-h_R~rwR, D. (1936). J. Chem. Phys. 6, 381. 
ROGERS, D. (1949). Research, Lond., 2, 342. 
W~LsoN, A. J. C. (1949). Research, Lond., 2, 246. 



466 V E C T O R  R E P R E S E I ~ I T A T I O I ~ I S  O F  T H E  230 S P A C E  G R O U P S  

~ q  

e~ 

o 

o o 

.o 

o 

q~ 

~0 

o 

o.m~. o 

II II I I I 1  

II  II  I I I 1  

o II oo  

I II II 

I 11 I1 
. • o 

II . . . . . .  

II II I l l l  

II I1 I I 1 1  

I I1 II 

I 11 II 

1111 II 

IIII 

o ° o 

~q 

o.rt~, oo~to~ 

v 

o!qmoqaoq0,aO 



M. J .  B U E l ~ G E R  467 

C~ 

E~ 

~ o o  

• ° . 

CD 

11 ¢ ¢ ¢ ¢  

e,i ,~ 

tm 

I I l i l t  

I I I I  

II II 

J ~ 

e , 1  ~1 

¢ D C D ~ C D  

I I I  ~- I I I 

I f  l l ] l  

l I I  I l l ]  

~ g . q  

cO ~D ~ ~ 

v v v v 

5xl ¢~",1 "---~ ¢~xl "---~ 

('~uoo) o!q~notIaoq~,z O 

, ~ 
¢,1 c',1 c,,1 

I~UO~a~O/L 



468 - V E C T O I ~  I ~ E P R E S E I ~ T A T I O N S  O F  T H E  230 S P A C E  G R O U P S  

""5". 

v 

~D 

~t 

s~ 

II 

11 

I I ~ ~ - ~ - ~  I I ~-~1 I~-~  I I I I I I I I 

o ~  

I I I  I I I I  ~ 

1 I I 1  

I I I I I I  I 1 - ~ - ~ . ~ . ~ - ~  

. S S S ~ S S ~ ~ S ~  

I1 

II 

I1 I 

II I 

II I I 

I II 

I II 

1 1 1 1 1 1 1 1  I I I I I T I I  

~ ~ S S ~  . ~ S ~ S  
I t t l  

~ b~ S S S b~ S S ~ ~ ~ ~ ~ S S ~q 

[ ] ~ ~ ~  I I I I  ~ . ~  ~ . ~ . ~ . ~ . ~ . ~ ~  



M. J. B U E R G E ~  469 

"'7. 

¢o 
v 

• . • . 

I I 1[ 

I I II II 

II I l l  

II 

A 

I [I 

[ II [I 

EI II I1 

I I  [I II 

i }- 

('~uoo) i~uo~,~o& I~uo~xoH 

I II II 

II II 

I[ II 

A C 3  30 



470 V E C T O R  I : ~ E P R E S E N T A T I O N S  OF. T H E  230 S P A C E  G R O U P S  

! 

v 

0 

o 

r ~  

I 1 I I I I 

I I I I I 1 

I ~  I ~  II ~ ~ I I I I  11 ~ 

I ~ 1  I I I I  I I I 1  I I I I  

N ~ N N N  N ~ N ~  

+ +  + + +  

II I I I  

II I I I  

I I I I 

I I I I I I 

I I I I I I 

II I I I  

II I I I  

co  

c o c o  
II II II II 

c ~ c ~  

IcOn. o ~'o 

c~ c~ c~ 

co  co  c o  

('~uo0) I~UO~XeH 

÷ +  

I II  

I II  

I I I  

I II  

Q 

¢ q C q  

CqCq 

o N ~ o u I o s I  

+ ÷  

I II  

I 11 

I II  

I I1 

o l c ~  

o ~ c o  



l~I. J.  B U E R G E R  471 

..-.¢. 

0 
v 

,-.4 

r~  

z 

o 

+ +  + + +  + + + +  

I~.~o II I I ~  

+ +  + +  + +  

• . ° ° 

I~  I I  I,.~ 

O 0  

+ +  + +  + + + +  

N ~  

O 0  O 0  0 0 0 ~  

II II I I I I  I I I  I1 I I I l  

II I II ~ o ~ . ~  

I I  I I  I I  

I I  ~ ~+ 

I I I I  oo'~'~ II II ~ o ~  

Io0 Ico 

% ~ N N  

(';uoo) o!a~etuos I 

, .~ l .~ l  ~ ~ . o  ~ ~ 
~ ~ - ~  ~ . o  

o.~2~ o ~ ~.~ ~ o ~  

o ~ ~_-~ ~o ~ ~ ' 

"'~ 0 ~ ~ c~ ~ ~r~ 
• o ~ .~n  ~ o 

• o c~ 

~ o ~ +~ -+.~ ~ ~ 
0 o .h i  ~ ~ ~.~ ~ . o  

~ . ~  o o o ~ . ~ H  

.~ .~ ~ ~ o ~.~ 
0 

• ,~ -.'~ -~o . ~  0 • "~  ' ~  0 

~ ~ ~ p ° °~ ~ o0~ ° 

. ~ . o  o . ~  ~ o ~ ~ ~ . , ~  

0 ~ ~ 

~ o ~.~ o - ~  • 
.,~ ~-~ 0 

~ 0 "~ "I~ o~ o ~ ~ o ~  ° 

o ~ ~ o~.~  

~ !  ~.~ ~ o , ~  ~ 
~ ~  ~ ~Oooo 

~ . ~ , ~  ~" ,~ 

~ . ~ . E  ~ ~ ~o ~ ~ 
. ~  ®"~ 

~ ~  ~ . ~ ® ~  
~ ~ ~ ®.~ o o~ ~® 

30-2 


