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R e c e n t  obse rva t ions  (Carter ,  1952) h a v e  i n d i c a t e d  t h a t  
c rys ta l s  of Na09. u n d e r g o  t r ans i t ions  a t  low t e m p e r a t u r e s  
f r om t h e  r a n d o m  cubic  s t r u c t u r e  p roposed  b y  D a u b e n  & 
T e m p l e t o n  (1950) to  o rde r ed  s t r u c t u r e s  m o r e  s imi lar  to  
t h e  t e t r a g o n a l  r o o m - t e m p e r a t u r e  fo rm  of KO2 (Kas- 
so toschk in  & K o t o w ,  1936). Samples  of K 0 ~  sea led  in 
glass capi l lar ies  were  s tud i ed  in h i g h - t e m p e r a t u r e  dif- 
f r ac t ion  camera s  a t  t e m p e r a t u r e s  u p  to  150 ° C. to  see 

Tab le  1. Diffraction data for KO2 (cubic form) 
Cu K~¢ r ad i a t i on ;  ~---- 1.5418 A 

hkl Ic Io d ( A) 

111 4-9 5-4 3.50 
200 41-0 41 3.04 
220 17.3 14 2.16 
311 5.8 4.5 1-83 
222 4.8 4.5 1.76 
400 1.3 - -  - -  
331 3.2 3-2* 1.40 
420 3.1 3.2* 1.36 
422 2"3 - -  - -  
3 3 3  0 . 6  ~ 
511  2"8 J 
440 0.8 - -  - -  

* Near  limit of detection. 

if a t r an s i t i on  m i g h t  be observed .  X - r a y  p o w d e r  p a t t e r n s  
we re  o b t a i n e d  w h i c h  ind ica t e  t h a t  a t r an s i t i on  does occur  
in  t h e  region  60-100 ° C. to  a cubic  form.  This  t r an s i t i on  
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is n o t  r a p i d l y  revers ib le  s ince t h e  h i g h - t e m p e r a t u r e  fo rm  
m a y  be eas i ly  q u e n c h e d  to  r o o m  t e m p e r a t u r e  to  give a 
m i x t u r e  of t h e  cubic  a n d  t e t r a g o n a l  forms.  

F r o m  t h e  d a t a  o b t a i n e d  one m a y  ca lcu la te  a---- 
6 . 0 9 ± 0 . 0 1  A for  th is  n e w  phase .  Va lues  for t he  in ter -  
p l a n a r  d is tances ,  d, a n d  in tens i t ies ,  as obse rved  v i sua l ly  
a n d  as ca lcu la ted ,  are  g iven  in Tab le  1. T h e  uni t -ce l l  
v o l u m e  is 226 /~3 as c o m p a r e d  w i t h  220 /~a (a ---- 5.71 /~, 
c---- 6.76 /~) for  t h e  t e t r a g o n a l  form.  

T h e  obse rved  in tens i t i es  a re  in good  a g r e e m e n t  w i t h  
those  ca l cu la t ed  for  a N a C l - t y p e  s t r u c t u r e  h a v i n g  a n  O~- 
in each  ha l ide  pos i t ion  w i t h  d i sorder ly  o r i en ta t ion ,  l ike 
s t r u c t u r e  (3) p roposed  for  t h e  r o o m - t e m p e r a t u r e  fo rm  of 
N a O  2 ( D a u b e n  & T e m p l e t o n  1950). I f  t h e  O~ are  o rdered ,  
t h e n  a few e x t r a  l ines shou ld  be above  t h e  l imi t  of 
de tec t ion ,  t h o u g h  n o t  b y  la rge  factors ,  whi le  t h e  in- 
tens i t ies  of t h e  obse rved  lines are  n o t  c h a n g e d  s igni f icant ly .  
T h u s  t h e  d i so rde red  s t r u c t u r e  seems m o r e  p robab le .  

This  r e sea rch  was  s u p p o r t e d  b y  the  U n i t e d  S ta te s  
A t o m i c  E n e r g y  Commiss ion .  
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S t a n d a r d  books  on  m i n e r a l o g y  ( D a n a  & H u r l b u t ,  1947, 
p.  208; R e a d ,  1946, p.  463; Roge r s  & K e r r ,  1942, p. 206) 
descr ibe  l imoni te  as a m o r p h o u s .  I.t is a h y d r a t e d  oxide  
of  i ron  a n d  is, a cco rd ing  to A l e x a n d e r  (1931), m a i n l y  
a h  aged  gel. A c c o r d i n g l y  one m i g h t  excep t  i t  to  be of 
c rys ta l l ine  n a t u r e .  H o w e v e r ,  no X - r a y  d i f f rac t ion  s t u d y  
of n a t u r a l  l imoni te  has  y e t  been  r epor t ed .  P r o d u c t s  
o b t a i n e d  b y  h e a t i n g  l imon i t e  to  h igh  t e m p e r a t u r e s  were  
s t u d i e d  b y  E n d 5  (1936) b y  the  X - r a y  d i f f rac t ion  m e t h o d  
b u t  i t  is n o t  k n o w n  w h a t  those  p r o d u c t s  are  or w h e t h e r  
t h e y  con t a in  l imoni te .  The  p re sen t  s t u d y  has  been  unde r -  
t a k e n  to  e luc ida te  t he  a t o m i c  s t r u c t u r e  of l imoni te .  

A sample  of l imoni te  f r om Gosa lpur  ( J u b b u l p u r )  was  
p o w d e r e d  a n d  a rod  of d i a m e t e r  less t h a n  0.5 ram.  was  
m a d e  w i t h  co l lod ium as a b inder .  T h e  rod  was  m o u n t e d  
on  t h e  axis  of a cy l indr ica l  c amera .  X - r a y s  f rom a H a d d i n g  
t u b e  f i t t ed  w i t h  i ron  a n t i c a t h o d e  a n d  r u n  a t  a b o u t  50 kV.  
a n d  5-7 mA.  were  used.  The  p o w d e r  d i a g r a m  gave  the  
spac ings  d shown  in Tab le  1. The  sample  was  s t ud i ed  
spec t roscop ica l ly  a n d  the  s p e c t r o g r a m  revea l ed  t he  pre-  

Tab le  1. Spacings and intensities of powder lines 

0 d (A) In tens i ty  

11 ° 18' 4.937 w 
13 ° 18" 4"205 vs 
13 ° 43' 4.080 vw 
16 ° 31" 3"402 w 
20 ° 50' 2.719 ms 
22 ° 59' 2.414 s 
25 ° 9' 2.276 w 
25 ° 50' 2.220 w 
28 ° 22' 2"035 vw 
31 ° 58" 1.827 vw 
33 ° 24' 1"758 ms 
35 ° 13' 1-681 vw 
36 ° 39' 1-620 vw 
37 ° 45' 1.580 w 
39 ° 9' 1.531 w 
41 ° 18' 1.466 vw 
42 ° 24' 1.434 vw 
44 ° 33' 1.378 w 
46 ° 21' 1.343 w 


