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Mul t ip l e  B r a g g  s c a t t e r i n g  has  been  recogn ized  as a source  
of Sl)urious X - r a y  d i f f r ac t ion  effects  f rom c rys ta l l ine  
solids s ince i ts  d i s cove ry  b y  14enninger  (1937). T h e  
necessa ry  c o n d i t i o n  for  t h e  effect  is t he  s i m u l t a n e o u s  
i n t e r s e c t i o n  of two  rcc ip roca l  l a t t i ce  p o i n t s  hkl a n d  H K L  
w i t h  t h e  sphe re  of re f lec t ion .  T h e  d i f f r a c t e d  b e a m  f r o m  
one  ref lec t ion ,  say  H K L ,  m a y  t h e n  be r e s c a t t e r c d  in to  
t he  d i r ec t ion  of t h e  d i f f r ac t ed  b e a m  f rom t h e  o t h e r  
ref lec t ion ,  hkl, b y  a se t  of p l anes  h ' k T ,  w h e r e :  

h ' = h - H ,  k ' = k - K ,  an(1 l ' = l - L .  (1) 

T h e  ef fec t  has  been  o b s e r v e d  for  cases in wh ich  t h e  
re f lec t ion  hkl n o r m a l l y  has  zero i n t e n s i t y  d u e  to  a space  
g r o u p  e x t i n c t i o n  (Hi rshfe ld ,  1955) or  to  a specia l  ex t inc -  
t ion  ( R e n n i n g e r ,  1937), b u t  i t  s h o u l d  p o t e n t i a l l y  a f fec t  
t h e  i n t e n s i t y  of a n y  re f lec t ions  for w h i c h  t h e  mul t i t ) l e  
s c a t t e r i n g  c o n d i t i o n  is sa t i s f ied .  E x p e r i m e n t a l  d a t a  u p  
to  n o w  h a v e  s h o w n  t h a t  in tens i t i es ,  n o t  a m p l i t u d e s ,  
of r e f l ec t ions  hkl a n d  h ' k T  are  a d d i t i v e  in t h e  r e s u l t a n t  
b e a m  ( F a n k u c h e n  & ~Vill iamson, 1956; H i r sh fe ld ,  1955). 

Mul t ip le  d i f f r ac t ion  is n o r m a l l y  cons ide red  to be  t h e  
r c su l t  of a c c i d e n t a l  co inc idence .  T h e  p u r p o s e  of th is  n o t e  
is to  l )oint  o u t  t h a t  t he  con( l i t ton  for m u l t i p l e  d i f f r ac t ion  
is s y s t e m a t i c a l l y  sa t i s f ied  in u p p e r  l ayer  equ i - i nc l i na t i on  
W e i s s e n b e r g  g e o m e t r y  if t he  c rys t a l  r o t a t i o n  axis  is 
para l le l  to  a p r i nc ipa l  rec ip roca l  l a t t i ce  vec to r .  If ,  for 
e x a m p l e ,  c* is para l le l  to  t he  r o t a t i o n  axis,  t h e  rec iprocal  
l a t t i ce  p o i n t  001 is a l w a y s  on  t he  E w a l d  sphere .  Moreover ,  
if t h e  p o i n t s  hkl a n d  001 are  on  t he  sphere ,  t h e n  so is t h e  
p o i n t  hk0.  T h e  c o n d i t i o n  for m u l t i p l e  s c a t t e r i n g  is t h u s  
sa t i s f ied  for all t h r ee  re f lec t ions  in pairs .  

Since 
s 2 - s o = h2(O01 ) (2a) 
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a n d  
s 3 - s o = ha(hk0 ) , (2b) 

t he  v e c t o r  e q u a t i o n s  for  all d i f f r a c t e d  b e a m s  in t h e  
d i r ec t i on  s 1 are  

s I - s o = hl(hkl  ) , (3a) 

s 1 - s 2 = hl(hkl  ) - h.,(00l) = ha(hk0 ) , (3b) 
a n d  

s 1 - s 3 = hl(hkl  ) - ha(hk0 ) = h2(00l ) . (3c) 

3?he m e a s u r e d  i n t e n s i t y  in t h e  d i r ec t i on  s 1 will  t h u s  
d e p e n d  on t h r e e  in tens i t i e s ,  one  of wh ich  d e p e n d s  on 
l¢"(hkl) whi le  t he  o t h e r  two  d e p e n d  on  F"(OOl).F2(hkO). 

T h e  m o s t  ser ious  c h a n g e s  in t he  i n t e n s i t y  a t  s 1 will 
o b v i o u s l y  occur  w h e n  F2(hkO) and  F2(OOl) are  b o t h  large.  
"['hey s h o u l d  be o b s e r v e d  m o s t  easi ly if F2(hkl) is r e l a t ive ly  
smal l .  Non-ze ro  in t ens i t i e s  for ref lec t ions  e x c l u d e d  by  
a space  g r o u p  s y m m e t r y  e l e m e n t  m a y  be o b s e r v e d  if t h a t  
e l e m e n t  m a k e s  an ang le  o t h e r  t h a n  0 ° or  90 ° w i t h  t h e  
r o t a t i o n  axis .  

T h e  poss ib i l i ty  of s y s t e m a t i c  m u l t i p l e  d i f f r ac t i on  in 
e q u i - i n c l i n a t i o n  Dgeissenberg g e o m e t r y  is impl i c i t  in t h e  
resu l t s  of F a n k u c h e n  & W i l l i a m s o n  (1956). Whi l e  t h a t  
e x p e r i m e n t  was  p r i m a r i l y  d i r e c t e d  to  a s t u d y  of var ia-  
t ions  in t h e  i n t e n s i t y  of t h e  r e f l ec t ion  on  t h e  r o t a t i o n  
axis  (00l), t h e  ef fec t  desc r ibed  in th is  n o t e  c o n s t i t u t e s  
an  o b v i o u s  coro l la ry .  
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(Eingegangen 

].)as fiir die  U n t c r s u c h u n g e n  v e r w e n d e t e  N a t r i u m h y p o -  
eh lor i t  win 'de  in  A n l e h n u n g  an  Gonzalez  Barre( to  (1941) 
(dor t  s u c h  wei te re  L i t e r a t u r h i n w e i s e )  d u r c h  E i n l e i t e n  
von  e twas  wen ige r  als de r  t h e o r e t i s c h e n  Menge  Chlor  
in 50%ige  N a t r o n l a u g e  zwischen  + 1 u n d  + 3  °C. erhal-  
t en .  Das  e n t s t a n d e n e  N a t r i u m c h l o r i d  w u r d e  bet  e t w a  
+ 10 °C. auf  e iner  Glasf i l te rnuts ( :he  a b g e s a u g t ,  ohne  dass  

s u c h  n u r  (tie g e r i n g s t e n  A n z e i c h e n  e iner  Z e r s e t z u n g  dc r  
N a t r i u m h y p o c h l o r i t l 6 s u n g  a u f t r a t e n .  In  dc r  m i t  Eis-  
K o c h s a l z m i s c h u n g  gek i ih l t en  Vor lage  kr i s ta l l i s ie r te  das  
N a t r i u m h y p o c h l o r i t  als g r i in l i ehge lbe  K r i s t a l h n a s s e  aus.  
Die S u b s t a n z  wt t rde  au f  e i n e m  k le inen  ( l lasf i l te r t iegel  

am 2. J u l i  1962) 

a b g e s a u g t ,  z u m  U m k r i s t a l l i s i e r e n  in ein R e a g e n z g l a s  
g e b r a c h t  u n d  u n t e r  Zusa t z  v o n  wen ig  "Wasser au f  e t w a  
25 °C. e rw/ i rmt .  Be im l a n g s a m e n  Abkf ih l en  de r  k l a r e n  
ge lben  L 6 s u n g  fielen lange,  n a c h  d e m  T r o c k n e n  fas t  
farblose ,  glasige N a d c l n  aus.  Diese w u r d e n  wie ( l e rum auf  
e i n e m  Glasf i l tc r t iegel  a b g e s a u g t  u n d  zur  E n t f e r n u n g  
anhafte ,  n d e r  M u t t e r l a u g e  in d i e s e m  Tiegel  zen t r i fug i e r t .  
Die Kr i s t a l l e  waren  sehr  t r o c k e n  un(l  ze ig ten  kc ine  
Z e r s e t z u n g s e r s c h e i m m g e n ,  a u c h  n i ch t  nach  m( )na t e l ange r  
A u f b e w a h r u n g  bet  - 18 °C. 

Die Ana lyse  e rgab  e inwandf re i ,  (lass es sich u m  ein 
P e n t a h y ( l r a t  Na(?I() .5H, , ( )  (Fp  = 25,5 %?.) han( le l t ,  was  
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m i t  den  Ergebn i s scn  von  App lebey  (1919) (Fp = 2 4  °C.) 
bzw. S a n f o u r c h c  & G a r d e n t  ( 1 9 2 4 ) ( F p = 2 4 , 5  °C.) i iber -  
e i n s t i m m t .  

Zu den  r6n tgenogra l )h i schen  U n t e r s u c h u n g e n  w u r d e n  
die Kr is ta l le  wcgen  ihrer  grossen Zerf l icss l ichkei t  u n d  
L u f t e m p f i n d l i c h k e i t  in ein M a r k r 6 h r c h e n  g e b r a c h t  mad 
w g h r e n d  de r  A u f n a h m e  du rch  c inen ka l t en  L u f t s t r o m  
geki ihl t .  

Das  NaCIO.  5 H 2 0  kr is ta l l is ier t  rhombisch .  Die Gi t te r -  
k o n s t a n t e n  wur( tcn  zu a = 8 , 0 8 ,  b = 1 6 , 0 6  u n d  c = 5 , 3 3  .~ 
b c s t i m m t .  (Fehdr  & T a l p a y  (1944): a = 7 , 9 1 ,  b=15 ,84 ,  
c = 5 , 2 8  A). Die E l c m c n t a r z e l i c  ist m i t  4 Molekeln  
NaCIO. 5H.,O besetzt .  Aus dicsen W e r t e n  e r r e c h n e t  sich 

die D i c h t e  zu 1,574 g.cm. -a. Aus  den  Aus l6sehungen  
folgen (lie R a u m g i ' u p p e n  C.~v-Pmm2, D~h-l'mmm u n d  
D~-P222.  
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T h e  n a t u r a l  androgen ic  ho rmones ,  a series of C~9 s teroids  
which are  ca tegor ized  by  the  lack of a C-17 side cha in  
a n d  by' the  presence  of C-3 and  C-17 o x y g e n  subs t i tuen t s ,  
a re  responsible  for the  d e v e l o p m e n t  of p r i m a r y  and  
s e c o n d a r y  male  sex charac te r i s t ics .  A l t h o u g h  the  mech-  
an i sm of ac t ion  is no t  unde r s tood ,  the  and rogens  (both  
na tu rM and  syn the t i c )  arc  o f ten  used in the  chemo-  
t h e r a p e u t i c  t r e a t m e n t  of b reas t  cancer .  The  response of 
the  m a m m a r y  tu rne r  is p ropor t iona l  to the  androgen ic  
ac t iv i ty ,  some an( t rogens being more  p o t e n t  t h a n  o thers .  
In  a( tdi t ion to the i r  use in subs t i t u t i on  t h e r a p y  in eases 
()f a n d r o g e n  (leficieney, such as h y p o g o n a d i s m ,  ' andro-  
gens '  whi(:h have  been modific(l  to the  point  where  the i r  
and rogen ic  ac t i v i t y  no longer  exists  are  some t imes  used 

. . . . . . . . . . .  
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exc lus ive ly  for the i r  anabol ic  func t ion  as i l lus t ra ted  by  
the i r  ab i l i ty  to p r o m o t e  p ro te in  synthes is .  

The  c rys ta l  d a t a  (Table 1) for a series of andros t anes ,  
androgens ,  which  are  b iosyn the t i c  de r iva t ives  of testos-  
te rone ,  h a v e  been  determine(1 on a Genera l  E lec t r i c  
X R D - 5  gon ios t a t - equ ipped  X - R a y  d i f f rac t ion  u n i t  us ing 
Cu K.x rad ia t ion .  Space groups  h a v e  been es tab l i shed  on 
the  basis of s y s t e m a t i c  absences  and  opt ical  ac t iv i ty .  
I t  is in te res t ing  to no te  t h a t  the  isomers  2 a n d  3, 6 and  7, 
6 a n d  8 are  no t  i somorphous ,  whereas  the  isomers  7 and  8 
h a v e  closely s imilar  la t t ice  cons t an t s  and  are  possibly 
i somorphous .  An  add i t iona l  po in t  of in te res t  is t h a t  the  
p ro jec t ion  (town the  b-axis of c o m p o u n d s  1 a n d  5 has  
the  s ame  size and  shape.  As can  be seen f rom the  dic- 
cret)ancies b e t w e e n  some of the  ca lcu la ted  and  m e a s u r e d  
densi t ies ,  so lven t  of c rys ta l l i za t ion  is p re sen t  in some 
of the  crys ta ls .  

Table  1. Crystal data (1) for  some androstanes 

1 2 3 4 5 6 7 8 9 

Formula C1,jHa00 C19Ha002 ClgHa00 = C21H520 a C21Ha2()a C19I-[3202 CagHa=O = C19Ha=O 2 CagH=80 a 

Molecular wt. 274.43 290.43 290.43 332.47 332.47 292.45 292"45 292.45 288.41 
(g.cm. -a, meas.) 1.125 1-123 1-15t) 1.181 1.1(.t3 1-141 1.189 1-159 1.150 
(g.(.m. -a, talc.) 1.094 i.163 1-143 1.186 1-167 1.079 1-156 I'148 1.149 

Z (eah~.) 4. 114 1.930 2.011 1"992 4.083 4.228 2.057 2"019 4.002 
Space group P21 P21 P2 a t'21 1 ' 2 1  P2t2121 P2 x P21 P212121 
a (A)* 7.038 11.779 6.556 11.949 7.058 12.149 1 2 " 3 5 2  12"352 8.374 
b (A)* 41.807 7.912 21"573 7.299 48.170 23.015 7.189 7.148 25.106 
c ( .£_)* 6.337 9-550 6.305 10.679 6-182 6-435 10.364 10.!t67 7.927 
fl 116.68 ° 111"34 ° 109"01 ° !11"26 ° I 16.00 ° - -  114"10 ° 119"11 ° - -  
1" (A a) 1666 829 843 (.}31 1889 1799 840 846 1667 

Solvent Ethanol  Heptane Heptane Ethanol Ethanol Dioxane Unknown Ethanol  Heptane 
and and 

acetone ac, etono 

1. 5 x-androstan-3-one.  
2. 5.a- ~mdrostan -3 x-01 - 17-one (androstevone). 
3. 5 ~ -androstan -3/~-01 - l 7-one (epiandrostero2m, isoandrosterone). 
4. 5.~- androstan -3 ~-01 - 17-one acetate (androsterone acetate). 
5. 5 ~-androstan-17fl--0l- a-one acetate (5~-dihydro testoslerone acetate). 
6. 5.x-androstan- aft, 17fl-diol. 
7. 5x--androstan-3~, 17fl-diol. 
8. 5fi andros tan-3  x, 17fl-diol (etioehohme- 3 x, 17fl-diol). 
9. 5fl-androstan-3, 17 -dione (etioeholane- 3, 17-dione). 

* __ 0"0(14 ~. 


