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The Th -B i  distances are:  

Th-4  Bii  ---- 3.44; Th-1 Bil l  ----- 3.26; Th-4  Bii i  = 3.29 A. 

The smallest B i -Bi  distance is Bi i -4  Bii  = 3"18 /~. 

The above ment ioned compounds are isostructural  
wi th  both U3Bi 4 and  UBi~ (Ferro, 1952, 1953) and wi th  
Th.~As 4, ThAs 2 (Ferro, 1955) and Th~Sba, ThSb~ (Ferro, 
1956) previously studied. 

477 

R e f e r e n c e s  

FERRO, R. (1952). R. C. Accad. Lincei (8), 13, 401. 
FERRO, R. (1953). R. C. Accad. Lincei (8), 14, 89. 
FERRO, R.  (1955). Acta Cryst. 8, 360. 
FERRO, R.  (1956). Acta Cryst. 9, 817. 
International Tables for X-ray Crystallography (1952). 

Bi rmingham:  Kynoch  Press. 
MEISEL, K. (1939). Z. anorg. Chem. 240, 300. 
StruIcturbericht (1937), 3, 33. 
Strukturbericht (1943), 7, 15, 112. 

Acta Cryst. (1957). 10, 477 

E l e m e n t a r z e l l e  des  c y c l i s c h e n  N y l o n - O l i g o m e r e n  1 , 8 , 1 5 , 2 2 - t e t r a - a z a - 2 , 7 , 1 6 , 2 1 - t e t r a - o x o -  
c y c l o - o c t a c o s a n .  Von HA~S v o ~  DI~TR~C~, HELMU~ ZASN* und  FRANZ SCHMIDT, Chemisches Insti tut  der 
Universit~t Heidelberg, Deutschland 

(Eingegangen am 11. Mdrz 1957) 

Das aus Nylon 66 isolierbare cyclische Oligomere (I) 
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kristall isiert  aus Wasser in monoklinen Bl~t tchen (Zahn 
et al., 1956a; Brown, Hill  & Youle, 1956; Zahn, Mire & 
Schmidt,  1957) ; Bl~tttchenebene (010), Spal tbarkei t  nach 
(001) angedeutet .  

Die r6ntgenographische Untersuchung ergab folgende 
Daten  : 

* Gegenw~rtige Adresse: Deutsches Wollforschungsinsti- 
tut  an der Rheinisch-WestfMischen technischen Hochschule, 
Aachen, Deutschland. 

a 0 = 10,784-0,03, b 0 = 25,12~=0,05, c o ~- 9,67=t=0,02 A, 
fl----- 92 ° 22 '+  6 ' .  

N immt  man  an, dass die Zelle vier Molekiile enth~tlt, 
so ergibt sich die Dichte  ----1,1494- 0,005 g.cm. -a (bei 
25-27 ° C.). Gemessen wurde:  1,148 g.cm. -a (boi 28 ° C.). 

Der aus Debye-Scherrer-Aufnahmen best immte Netz- 
ebenenabstand yon 12,6 A (Schmidt, 1956; Zahn et al., 
1956b), also gerade ½b0, l~isst darauf  schliessen, dass die 
Ausdehnung der Einzelmolekiilo aueh in R ich tung  der 
b-Achse h6chstens 12,6/~ ist, was in Verbindung mi t  den 
iibrigen Abmessungen der Elementarzelle  eine s tarke 
Fa l tung  der Ringe fordert.  Bei v611iger Streckung der 
Einzelmolektile haben diese eine L~nge yon ca. 20 ~ .  
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I n t r o d u c t i o n  

In  a given Weissenberg equi-inclination photograph the 
intensities of the spots obey the equation 

1 +cos  2 20 
I = C.~3.A .IFI 2 (1) 

cos 2/~ sin y 

if the ext inct ion is not  taken into consideration. Here 
C is constant  and A an absorption factor. The other 
symbols are identical wi th  those used by  Buerger (1942). 

We can write (1) in the following way :  

IF 12 = I cos ~/~. sin Y 
C.2a .A"  l + c o s  220 (2) 

Lu (1943) introduced the abbreviat ion 

cos 2/~. sin y 
a = i+cos220  . (3) 

I f  C.~a.A = 1, equat ion (1) becomes 

IFI 2 = I.  ~ .  (4) 
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L u  (1943) a n d  Cochran  (1948) have  c o n s t r u c t e d  cha r t s  
w h e r e  o¢ is a func t ion  of ~ a n d  /~. These  cha r t s  s impl i fy  
t h e  ca lcu la t ion  of IFI 2. 

H o w e v e r ,  it  is possible to  m a k e  a f u r t he r  s impl i f icat ion.  

I f  we plo t  I as a func t ion  of a,  a s suming  IFI 2 cons t an t ,  
in a loga r i thmic  d i ag ram,  we  have  a n o m o g r a m  for t he  
ca lcu la t ion  of IFI 2. As t h e  n o m o g r a m  is logar i thmic ,  it  is 
conven i en t  to  use a logar i thmic  scale for  t h e  r ead ing  of 
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t h e  vMues .  T h e  c o n s t r u c t i o n  a n d  use  of t h e  n o m o g r a m  
is be s t  u n d e r s t o o d  b y  s o m e  e x a m p l e s .  

The  construct ion of a n o m o g r a m  

T w o  m e t h o d s  are  poss ib le :  (1) d r a w  a se t  of  cu rves  for  
d i f f e ren t  v a l u e s  of [F[2; or  (2) d r a w  on ly  t h e  c u r v e  for  
IF] 2 -- 1 a n d  t h e n  use  a l o g a r i t h m i c  scale. T h e  s e c o n d  
a l t e r n a t i v e  is t h e  s imp le r  as  i t  r equ i r e s  v e r y  l i t t le  t i m e .  

S u p p o s e  we are  i n t e r e s t e d  in t h e  [F] 2 v a l u e s  f r o m  a 
p h o t o g r a p h  w i t h  p = 11-2 (Fig. l (a) ) .  T h e n  we  f i rs t  
d r a w  a l ine para l le l  t o  t h e  ~ axis  a t  p ---- 11.2 in a c h a r t  
of t h e  old  t y p e .  T h e  p o i n t s  a, b a n d  c c o r r e s p o n d  to  
a~, b~ a n d  c~, a n d  t h e  a c t u a l  va lue s  are  0.95, 0.80, 0.20 
a n d  1.05, 1.25, 5.0 r e spec t i ve ly .  I n  th i s  w a y  a n o m o g r a m  
can  be  c o n s t r u c t e d  for  e v e r y  v a l u e  of p.  

U s e  of the n o m o g r a m  

I n  F ig .  l(b),  if [F[ 2 is a,  w h o r e  a .  0 a n d  a .  1 t h e  
c u r v e  w o u l d  be  d i s p l a c e d  b y  t h e  d i s t a n c e  log a. T h i s  
d i s p l a c e m e n t  is sca led  off w i t h  t h e  l o g a r i t h m i c  scale,  
w h i c h  is u s e d  for  t h e  r e a d i n g  of t h e  [F[ 2 va lues .  H o w e v e r ,  
t h e  scale m u s t  h a v e  t h e  s a m e  m o d u l  as  t h e  d i a g r a m .  

Example 1 
I = 3.5, ~ = 1.85; t h u s  [Fl ~ = 1 .2 ,  

Example 2 
I---- 85, ~---- 0-80; t h u s [ F ]  ~ - -  4 4 .  

The calculat ion of IF[ 

T h e  m e t h o d  is i den t i ca l  w i t h  t h a t  o u t l i n e d  for  IF[ 2 
above ,  t h e  o n l y  d i f fe rence  be ing  t h a t  t h e  scale has  a 
m o d u l  tw ice  t h a t  of t h e  n o m o g r a m .  C o n s e q u e n t l y  t h e  
s q u a r e  roo t s  a re  o b t a i n e d .  H o w e v e r ,  care  m u s t  be  t a k e n  
so t h a t  t h e  co r r ec t  f igures  a re  o b t a i n e d .  

T h e  a u t h o r  wishes  to  c o n v e y  his t h a n k s  to  P ro f .  F .  E.  
W i c k m a n ,  S w e d i s h  M u s e u m  of N a t u r a l  H i s t o r y ,  a n d  
Pro f .  G. H a g g ,  U p p s a l a ,  for  t he i r  k i n d  in t e res t .  
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T h e  s t r u c t u r e  of t h e  h e x a g o n a l  f o r m  of v . - cys t ine  
[ - S - C H 2 - C H ( N H 2 ) C O O H ] 9  h a s  been  d e t e r m i n e d  f r o m  
t h r e e - d i m e n s i o n a l  X - r a y  d a t a .  T h e  un i t - ce l l  d i m e n s i o n s  
were  m e a s u r e d  a c c u r a t e l y  b y  t h e  back - r e f l ex ion  m e t h o d  
( F a r g u h a r  & L i p s o n ,  1946) a n d  t h e  va lue s  f o u n d  d i f fer  

I f-"-J C1 

c 

Fig. 1. The conformat ion of half the  cystine molecule in 
hexagonal T.-cystine, viewed down the  twofold axis parallel 
to [1120]. The contours  are those obtained from the three- 
dimensional sulphur-phased Fourier  synthesis.  Contours 

3 3 begin at  the  1 e .A-  level and are at  1 e .A-  intervals,  
except for the  S a tom,  which is contoured from the 5 e.A -a 
level in 5 e.A -3 intervals. All peaks above 1½ e.A -a are 
shown. 

* Present  address:  Biochemistry Depar tment ,  The Univer-  
sity, Sheffield 10, England.  

o n l y  s l igh t ly  f r o m  t h o s e  of S t e i n r a u f  & J e n s e n  (1956). 
T h e y  are  : 

a = 5.42204-0-0005 A, c -- 5 6 - 2 7 5 ~ : 0 . 0 0 5 / ~ .  

T h e  space  g r o u p  is P6122 w i t h  six mo lecu l e s  pe r  u n i t  cell. 
All  t h e  a t o m s  are  in genera l  (12-fold) pos i t ions ,  t h e  t w o  
ha lves  of each  eys t i ne  m o l e c u l e  be ing  r e l a t e d  b y  a t w o f o l d  
axis  of s y m m e t r y  para l le l  t o  a [1120] axis .  

T h e  s u l p h u r  p a r a m e t e r s  we re  d e t e r m i n e d  f r o m  t h e  
t h r e e - d i m e n s i o n a l  P a t t e r s o n  syn thes i s .  A t h r e e - d i m e n -  
s ional  F o u r i e r  syn thes i s ,  c a l c u l a t e d  w i t h  p h a s e s  b a s e d  on  
t h e  s u l p h u r  pos i t i ons  a lone ,  g a v e  a c o m p l e t e l y  u n a m -  
b i g u o u s  p i c t u r e  of t h e  who le  s t r u c t u r e  (Fig. 1). Fc va lues  
for  t h i s  s t r u c t u r e  were  d e t e r m i n e d  for  all (hkil) re f lex ions  
w i t h  Fo ~= 0 a n d  g ive  /~ = 2 1 % .  T h e  t h r e e - d i m e n s i o n a l  
r e f i n e m e n t  of t h e  p a r a m e t e r s  is p roceed ing ,  b u t  t h e  gene ra l  
m o l e c u l a r  c o n f o r m a t i o n  is a l r e a d y  qu i t e  clear .  P re l im-  
i n a r y  p a r a m e t e r s  a re  g iven  in Tab l e  1. 

Tab le  1. Preliminary atomic parameters for hexagonal 
L-cystine (at the present stage of refinement) 

x, y and z are as defined in International Tables (1952, p. 285) 
for space group P6122 

x y z 
S -- 0.0317 0.1669 0.07943 
C 1 0-280 0.361 0.0592 
C 2 0.213 0.267 0.0336 
C a 0.167 -- 0.035 0.0285 
N 1 -- 0.036 0.279 0.0229 
01 --0.068 --0.220 0.0230 
02 0.384 --0.059 0.0328 


