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Die 62 all~,emeinen Ausli~schunt~seinheiten. Von W. NOWACKI, Mineralogisches Institut der Universitdt, 

Bern, Schweiz* (Eingegangen am 18. Juni 1952) 

I n  unserem Buche fiber Fouriersynthese yon Kristallen 
(Nowacki, 1952, S. 163/4) wurde das Problem der 'allge- 
meinen Ausl6schungseinheiten' erw/~hnt. Bekannt l ich  ist 
es bei gegebener Lauesymmetr ie  und  gegebenen Aus- 
15schungen n ich t  mSglich, alle 219--~ 230--11 wesent- 
lich verschiedenen Raumgruppen  auseinanderzuhal ten;  
m a n  wird vielmehr auf die 120 AuslSschungseinheiten 
( 'diffraction groups') gefiihrt. N i m m t  man  nun  an, dass 
die Lauesymmetr ie  unbekann t  sei, so fragt  es sich, welche 
Gesamthei ten yon  Raumgruppen  m a n  unterseheiden und  
ermit te ln  karm, wenn m a n  ausschliesslich AuslSschungen 
verwendet .  Wir  ffihren zu diesem Zweck den Begriff der 
'allgemeinen AuslSschungseinheit' ein, indem wir darunter  
die Gesamthei t  aller Raumgruppen  verstehen, welche - -  
unabhang ig  v o n d e r  Lauesymmetr ie  - -  dieselben Aus- 
15schungen aufweisen. Es wurde eine Best immungs-  
tabelle ausgearbeitet ,  welche erlaubt,  bei gegebenen Aus- 
15schungen alle dazu gehSrigen Raumgruppen  zu finden 
und  zwar fiir samtliehe mSgliehe Orient ierungen der 
Koordina tenachsen  und  fiir jede Aufstel lungswahl.  Das 
l~esultat  ist, dass es 62 allgemeine AuslSschungseinheiten 
im Gegensatz zu den 120 gewShnlichen gibt. 

Die Exis tenz der allgemeinen AuslSschungseinheiten 
ist  z.T. eine Folge der Tatsache,  dass die Struktur-  

* Mitteilung Nr. 70. 

ampl i tude 
F(h, k, l) = ~. exp 2~i(hxiq-kyjq-lzi) 

(alle Punk te  werden als gleichwertig vorausgesetzt)  
die Symmetr ic  eines Kristalles in einer n u t  eingeschriinb- 
ten Weise enthal t .  Alle symmorphen  l~aumgruppen z.B. 
bilden eine einzige allgemeine AuslSschungsein_heit, weil 
bei i tmen f iberhaupt  keine AuslSschungen auftreten.  

I m  allgemeinen ist es unmOglich, Symmetr ien  durch 
AuslOsehungen allein zu bes t immen;  ffir die 313-2 Raum-  
gruppen C~h, D23, C~ 9, D24h 6' 8,10,14,15, 22, C64h, Di  4' s), 6, C4 v12, 

4 D2d, Dab4, 8, il, i2, i5, ie, i9, 20, 0 4, (7, 6), s, T e und  0 2, s, 10 hin- 

gegen ist dies mOglich. 
Die allgemeinen Ausl6schungseinheiten k6nnen bei 

Pseudosymmetr ien  und bei unsicher bekannte r  Laue- 
symmetr ie  prakt isch wichtig werden, yon  der prinzi- 
piellen Frage, wie welt m a n  mi t  AuslSschungen allein 
kommt,  abgesehen. 

Die ausfiihrliche Arbeit  zusammen mi t  der Bestim- 
mungstabel le  wird in den Schweizerischen Mineralogischer~ 
und Petrographischen Mitteilungen erscheinen. 

Literatur 
NOWACKL W. (1952). Fouriersynthese yon Kristallen und 

ihre Anwendung in der Chemie. Basel:  Birkhiiuser. 

Acts Oryst. (1952). 5, 842 
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B y  J .  GORDON PAlelY, Department of Metallurgy," The University, Liverpool, England 

(Received 2 May 1952 and in revised .form 23 July 1952) 

• Be tweencompos i t ions  10% and 30% manganese a close- 
packed hexagonal  phase (e) m a y  be formed in i ron-  
manganese alloys (Sehmidt, 1929-30). I t s  formation in 
powder specimens has been explained in terms of a thermal  
nucleat ion (Parr, 1952); and similar arguments  apply  to 
the formation of ~ in solid specimens. To re ta in  e in 
powders the sample has to be water-quenched from the 
face-centred (y) phase field; and in view of the slow 
diffusion ra te  in i ron-manganese  alloys (Jones & Pum- 
phrey,  1949) i t  is reasonable to suppose t h a t  the trans-  
formation involves a 'martensi te '  reaction (Troiano & 
McGuire, 1943). Al though solid specimens will re ta in  e 
on slow cooling (Parr, 1952) as well as on quenching, the 

phase is identical in structure and behaviour in solids 
and powders, and presumably  forms b y  the same mecha- 
nism.  

The close-packed ar rangement  of a toms in face-centred 
cubic and close-packed hexagonal  s tructures suggests t ha t  
face-centred cubic -+ close-packed hexagonal  shear trans-  
formations are such t h a t  (111)r is parallel to (0001)~. 
Nish iyama (1936) proposed a mechanism in which this  
relat ionship exists, and ( l l0 ) r  is parallel to (1120)~. Shear 
takes place in a[211]y direction. 

The oscillation photograph reproduced in Fig. 1 of a 
water-quenched sample of an 18.5% manganese alloy in 

needle form, was t aken  in a 5 cm. camera. Because pairs  
of spots indicate parallel planes of a toms (Barrett ,  
Geisler & Mehl, 1941, 1943) i t  is immedia te ly  evident  
from the photograph tha t  (13i)~ is parallel  to (1122)~. 
The plane (13i)r lies in a zone which includes ( l l l )~  and  
(01i)v; and (1122).~ lies in a zone which includes (0001)~ 
and (1120)~. The angles between planes in the zones are:  

Planes e Planes 

(111) (0001) 
58 ° 29' 58 ° 14' 

(13i) (1132) 
31 ° 31' 31 ° 46" 

(01i) (li~0) 
Therefore the relat ionship between the y and  ~ s t ructures  
should lead to pairs of spots 222v and 0004~. This cor- 
respondence does exist, a l though i t  does no t  appear  so 
clearly on Fig. 1 as the relat ionship between 311v and  
11~2~. Because of almost identical in terp lanar  spacings 
the diffraction spots 220v and 1120~ appear  to be on a 
single arc; bu t  as (13T)r is parallel to (1122)~, and (111) x 
is parallel  to (0001)~, i t  follows t h a t  (01i)v is parallel to  
(1120)~. 

The relat ionship demanded by  the Nish iyama mecha- 
nism is therefore satisfied. A superimposed volume 
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Fig. 1. Oscillation photograph of quenched needle. 

Fig. 2. Photomicrograph of quenched needle (× 4 000). 

[To f a ~  p. 842 
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contract ion of 2 % is largely in a direction normal  to the 
shearing movement  : 

Pa ramete r  of ~: a ---- 3.585 /~; 
whence ½arV2 ---- 2.535/~, §arV3 = 4.140/k.  

Parameters  of e: a ---- 2.528 /~, c ---- 4"080/~. 

The mechanism is of the type  which produces a 'Wid- 
manst~ttten'  pa t t e rn  of s t ra in  bands;  and the contract ion 
associated wi th  the t ransformat ion  limits the growth of 
e around each nucleus. A photomicrograph (Fig. 2) con- 
firms both  the s train pa t t e rn  and the absence of massive 
precipitate,  a l though individual  phases cannot  be dis- 
t inguished. 
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Shannon (1949), in the field of communicat ion theory,  
has given the following theorem:  If  a funct ion d(x) is 
known to vanish outside the points  x ---- ~a/2,  then  its 
Fourier  t ransform F(X)  is completely specified by  the 
values which it  assumes a t  the  points  X----0,  ± l / a ,  
±2 /a  . . . . .  In  fact, the  continuous F(X)  m a y  be filled 
in merely  by  laying down the funct ion sin rcaX/r~aX at  
each of the above points,  wi th  weight  equal to the value 
of F(X)  at  t h a t  point ,  and adding. 

Now the electron-density funct ion d(x) describing a 
single uni t  cell of a crystal  vanishes outside the points  
x = ±a/2,  where a is .the length of the cell. The reci- 
procal-latt ice points  are a t  X ---- 0, ± I/a, =J= 2/a . . . . .  and 
hence the exper imenta l ly  observable values of F (X)  
would suffice, by  the theorem, to determine F(X)  every- 
where, if the  phases were known. (In principle, the  
necessary points  extend indefini tely in reciprocal space, 
bu t  by  using, say, Gaussian a toms both  d(x) and F (X)  
can be effectively confined to the un i t  cell and  the ob- 
servable region, respectively.) 

For  centrosymmetr ica l  structures,  to be able to fill i n  
the IFI 2 function would suffice to yield the structure,  
for sign changes could occur only a t  the points  where 
IFI ~ vanishes.  The s t ructure  corresponding to the IFI 2 
funct ion is the  Pa t te r son  of a single un i t  cell. This has 

twice the wid th  of the uni t  cell, and hence to fill in the  
IFI 2 function would require knowledge of IFI 2 a t  the half- 
integral,  as Well as the integral  h's. This is equivalent  
to a s t a tement  made by  Gay (1951). 

I t h ink  the conclusions which m a y  be s ta ted  a t  th is  
point  are : 

1. Direct  s t ructure  determinat ion,  for cent rosymmetr ie  
structures,  could be accomplished as well by  finding the  
sizes of the IFI 2 a t  half- integral  h as by  the usual proce- 
dure of f inding the signs of the F ' s  a t  integral  h. 

2. In  work like t h a t  of Boyes-Watson,  Davidson & 
Peru tz  (1947) on haemoglobin,  where IFI ~ was observed 
a t  non-integral  h, i t  would suffice to have only the values 
a t  half- integral  h. 

The extension to three dimensions is obvious. 
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The da ta  presented here form par t  of an  extended survey 
of crystal l ine peptides recent ly begun by  the Wool 
Industr ies  Research Association. The objects of the 
invest igat ion are first to obtain some knowledge of the 
factors influencing the crystal l izat ion of these mater ia ls ;  
secondly, from their  unit-cell  dimensions to obtain 
information regarding the types  of molecular arrange- 
ments  present,  and th i rd ly  to select materials  suitable 
for a more detailed X- ray  examinat ion.  

Source of peptides. 

Glyeyl-L-tyrosine was obtained from Roche Products ,  
Welwyn  Garden City, England,  and the monohydro-  
chloride was prepared from it  by  t r ea tmen t  wi th  excess 
of 2N. HC1, followed b y  evaporat ion a t  room temperature .  
(Found 12.1% C1; calculated 12-9%.) 

Glyeyl-DL-leueine and glyeyl-DL-serine were synthesized 
by  the chloracetyl  chloride method first described by  


