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T h e  R e r m i n g e r  ef fec t  ( James ,  1950) occurs  w h e n  t h e  
su r face  of t h e  E w a l d  sphe re  passes  s i m u l t a n e o u s l y  t h r o u g h  
t w o  rec ip roca l  l a t t i c e  p o i n t s  (h 1 a n d  he). B e c a u s e  t h e  
sphe re  necessa r i ly  passes  t h r o u g h  t h e  o r ig in  as  well ,  a 
t h i r d  p o i n t  (hR) is also i nvo lved ,  w i t h  ha =hi +he. T h e s e  
t h r e e  po in t s ,  or  t h e i r  a n t i p o d e s ,  a re  in  a m u t u a l l y  equi-  
v a l e n t  r e l a t i o n s h i p  ; t h e r e  are  t h r e e  pos i t i ons  of t h e  sphere ,  
in  each  of w h i c h  i ts  su r face  passes  t h r o u g h  one  pa i r  of  
po in t s .  T h e  s i t u a t i o n  is s i m p l y  i l l u s t r a t e d  for  t h e  two-  
d i m e n s i o n a l  case b y  :Fig. 1 (a), w h i c h  is a m o d i f i c a t i o n  
(and  s l igh t  e m e n d a t i o n )  of F ig .  31 of  L i p s o n  & C o c h r a n  
(1953). I n  t h e i r  e x a m p l e  t w o  s t r o n g  re f l ex ions  (here 
i n d e x e d  as 0 2 i  a n d  072) are  s u p p o s e d  to  g ive  r ise to  t h e  
d o u b l e  r e f l ex ion  051. T h e  E w a l d  circle in  t h e  s e t t i n g s  
A,  B a n d  C passes  r e s p e c t i v e l y  t h r o u g h  t h e  pa i r s  072/021,  
051 /02 ]  a n d  051/072.  

Th i s  impl ies  t h a t  t h e  c o r r e s p o n d i n g  pa i r s  of  spo t s  on  
a W e i s s e n b e r g  p h o t o g r a p h  m u s t  lie each  on  a ve r t i ca l  
l ine,  as  is r e p r e s e n t e d  in F ig .  1 (b). Th i s  p r i nc ip l e  i m m e d i a -  
t e l y  sugges t s  a c o n v e n i e n t  w a y  of  s e a r c h i n g  for  a p a i r  
of s t r o n g  re f lex ions  to  aceo~mt  for  a s u p p o s e d  R e n n i n g e r  
ref lexion .  I t  c an  be  e x t e n d e d  to  t h r e e  d i m e n s i o n s  b y  
s u p e r p o s i n g  W e i s s e n b e r g  d i a g r a m s  of  d i f f e r e n t  layers ,  in  
a co r rec t  l a t e ra l  r e l a t i o n s h i p .  

I n  t h e  spec ia l  case of a n  o r t h o g o n a l  ne t ,  w h i c h  has  
mm s y m m e t r y ,  all t h r e e  p o i n t s  (h 1, h 2 a n d  hR, or t h e i r  
e q u i v a l e n t s )  lie on  a s ingle  E w a l d  circle,  a n d  hence  all 
t h r e e  spo t s  lie on  a s ingle  ve r t i ca l  l ine in t h e  W e i s s e n b e r g  
p h o t o g r a p h .  W e  h a v e  r e c e n t l y  c o m e  across  a s t r i k i n g  
e x a m p l e  of th i s  in r u b i d i u m  h y d r o g e n  b i sg lyco l la te  (Go- 
lid & S p e a k m a n ,  1965), w h i c h  c rys ta l l izes  in  t h e  m o n o -  
c l inic  s y s t e m  w i t h  a = 4 . 0 5 2 ,  b = 1 7 . 9 1 ,  c - -10 .52  A, 
f l - -98 .4  °. T h e  space  g r o u p  is P21/n, a n d  th i s  was  t h e  
bas is  for  a successfu l  s t r u c t u r e  ana lys i s .  Y e t  on  p h o t o -  
graphs taken about the a axis there appeared several 
weak, or very weak, reflexions that violated the space- 
group conditions: the most prominent of these were 050 
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a n d  0,13,0. T h a t  t h e y  were  R e n n i n g e r  s p o t s  was  s u g g e s t e d  
b y  t h e i r  ab sence  f r o m  c-axial  p h o t o g r a p h s ,  a n d  co r robor -  
a t e d  b y  t h e  f ac t  t h a t  each  lay  in  a ve r t i ca l  l ine  w i t h  
a p a i r  of s t r o n g  re f lex ions  in t h e  0/el W e i s s e n b e r g  p h o t o -  
g r a p h :  050 cou ld  be  a t t r i b u t e d  to  t w o  pa i r s  091/041 a n d  
0,_1_1,2/062, s ince t h e  f ive spo t s  050, 09]", 041, 0p l l r2  a n d  
062 were  v e r t i c a l l y  co l l inear :  w h i l s t  0 t l3 t0  cou ld  be  
a t t r i b u t e d  to  091/041,  w i t h  t h e  t h r e e  spo t s  0,13,0. 091 
a n d  041 col l inear .  

Th i s  i n t e r p r e t a t i o n  can  be  t e s t e d  a n a l y t i c a l l y  b y  cal- 
c u l a t i n g  t h e  o~ va lues  for  t h e  two  se ts  of re f lex ions .  U s i n g  
t h e  s y m b o l s  d e f i n e d  in International Tables for X-ray 
Crystallography (1959), we h a v e  

o~ =½Y+q~ =0 + s i n  -1 ( lc* /2  s in  0), 
a n d  

4 s in  e 0 = (kb*) ~ + (lc*) 2, 

for  a n  o r t h o g o n a l  n e t .  
F o r  th i s  b i sg lyco l l a t e  c rys ta l ,  w i t h  C u - r a d i a t i o n ,  t h e  

r ec ip roca l - l a t t i ce  p a r a m e t e r s  a re  b* =0-086085  a n d  c * =  

Tab l e  1. Analytical confirmation of Renninger spots at 050 
and O r 13,0. (Rubidium hydrogen bisglycoUate). 

Reflexion 0 (p o9 
09]" +23  ° 14' --10 ° 51' 12 ° 23" 

_ _  

041 -- 10 ° 48' + 2 3  ° 18" 12 ° 30" 
0,11,2 +29  ° 47' --17 ° 23' 12 ° 24' 

_ _  

062 --12 ° 19" + 2 9  ° 51' 12 ° 32" 

M e a n  12 ° 27' 
050 + 12 ° 26' - -  12 ° 26' 

091 +23  ° 14' + 1 0  ° 51' 34 ° 5' 
041 + 1 0  ° 48' +23  ° 18' 34 ° 6' 

Mean 34 ° 6" 

0,13,0 + 3 4  ° 1' - -  34 ° 1" 

(a) 

,',Y , / 

0 1 

09 (b) 

Fig. 1. Relat ionship of double reflexion 051 to reflexions 021, 075 which give rise to it. 
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0.148262, and  we take 0, or sin 0, to be negat ive  for a 
spot on the  lower half of the  film. The results are set 
out  in Table 1. 

On our photographs the  spots ex tend  over about  1 ° 
in the  eo direction. This extension mus t  main ly  be due to 
crystal size. We do no t  know the t rue  mosaic spread. 
Table 1 suggests tha t  conjunct ion wi th in  5' in the  o~ values 
is adequate  to cause double reflexion, which seems a 
reasonable conclusion. 

If a tolerance of this order applies generally, double 
reflexions must  be fairly common.  Wi th  a cell of modera te  
size, ~ 103 reflexions may  occur in the  region covered, 
and the  chance mus t  be stat ist ically high t h a t  two wi th  
at  least modera te  intensit ies will have w values wi th in  5' 
of each other.  The consequent  double reflexion will be 
obvious only in the  compara t ive ly  rare case where it  
leads to a breach of the  space-group absences. I n  general  
i t  will merely  add  to the  in tens i ty  of a normal  reflexion. 

As was poin ted  out by Lipson & Cochran (see also Yakel  
& Fankuchen,  1962), this is yet  another  source of error 
in the  measurement  of intensit ies.  I t  may  deserve con- 
s iderat ion when an accuracy be t te r  t han  5% is being 
sought.  
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As is well known, zinc sulphide is liable to form poly type  
modifications similarly to silicon carbide, dur ing the 
growing process, in addi t ion  to the  wurzi te  and  sphaleri te 
structures.  This problem has been invest igated by  several 
authors  (Frondel & Palache, 1947; Strock & Brophy,  
1955; Buck & Strock, 1955; Smith,  1955; Evans  & 
McKnight ,  1959; Ramsdell ,  1947; Verma, 1957), and 
polytypes containing 2, 3, 4, 6, 8, 9, 10,12, 15, 21, 54 . . . .  
layers have been already found among natura l  and 
artificially made  zinc sulphide crystals. Inves t iga t ing  
the  structure of zinc sulphide single crystals, grown 
from the vapour  phase, we have found, besides the  
known polytypes,  one crystal containing a new polytype  
modif icat ion of 24 layers. The latt ice parameters  of the 
new modificat ion are: 

a 0 =3,853, c o =75,067 A; ao/C o = 1 : 19,483, 

wi th  cell contents  Zn~4S24. In the  same crystal there 
are several kinds of the  numerous  possible 24-layer 
structures,  as seen in the  25 ° oscillation pat terns  in 
Fig. 1. The X-ray  diffraction pat terns  were made  in a 
cylindrical camera of 57.3 m m  diameter ,  wi th  unfi l tered 
Fe K radiat ion.  

These interes t ing structures will be discussed later in 
detail .  
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Fig. 1. 25 ° oscillation patterns taken from different parts of the 24-layer ZnS polytype crystal. 


