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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 
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sence of a small amoun t  of t i t an ium and silicon in addi t ion 
to iron. Chemical analysis  showed t h a t  the  sample was 
composed of 84.44% F%Oa, 5.78% SiO~ and 10% H~O. 

Ident ica l  X - r a y  diffraction pa t te rns  were obta ined 
from powders of a sample of l imonite from Nepal  and  
another  from Alabama,  U.S.A. This clearly shows t h a t  
na tura l  l imonites are crystal l ine a l though incapable of 
forming single crystals  of apprecible size. Fu r the r  studies 
are being under taken .  

We t h a n k  Prof. K.  Banerjee,  Sirear Professor of 
Physics,  Ind ian  Association for the Cult ivat ion of 
Science, J adavpur ,  Calcutta,  for his inspiring guidance 

and Prof. N. N. Chatterjee,  Head  of the Depa r tmen t  of 
Geology, Calcut ta  Univers i ty  for the samples of l imonite.  
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Very  complete redeterminat ions of the crystal  and  
molecular s tructures of naphtha lene  (Abrahams, Robert-  
son & White ,  1949 a, b) 

and  of anthracene  (Mathieson, Rober tson & Sinclair, 
1950; Sinclair, Rober tson & Mathieson, 1950) 

have been described recently.  In  these invest igat ions the 
carbon co-ordinates were determined from triple Fourier  
series of observed s t ructure  factors evaluated at  points  
th roughout  the un i t  cell. No a t t e m p t  was made to correct 
the  results  for the effects of finite series, which were 
expected to be small;  though in the three-dimensional  
analysis  of the hydrocarbon dibenzyl  (Jeffrey, 1947) the 
effects were shown to produce bond-length errors as large 

as 0.037/~ (Cruickshank, 1949). A detailed estimate of the 
accuracy of the results is also desirable for the comparison 
of the  exper imental  bond lengths wi th  quantum-  
mechanical  calculations of Coulson, Daudel  & Rober tson 
(1951). 

We have now made finite-series corrections to the 
naphtha lene  and  anthracene bond lengths b y  Booth ' s  
(1945, 1946 a) back-correction method.  Differential  
syntheses (Booth, 1946b) were computed wi th  the 
observed and  calculated s~ructure factors given by  
Robertson and  his co-workers, all six second differentials 
being computed for each atom. From these syntheses 

new atomic positions were found, from which the bond 
lengths given in Tables 1 and 2 were derived. - The results  
of Robertson et al. are given for comparison. The finite- 
series corrections average 0.0058 A per co-ordinate for 
each molecule, about  half t h a t  for dibenzyl.  The es t imated 
s tandard  deviat ions (e.s.d.) of the bond lengths are also 
shown in Tables 1 and 2, and were calculated by  Cruick- 
shank 's  (1949) method  using IFo--Fcl as an est imate of 
a(F). The chemically equivalent  bu t  crystal lographical ly  
non-equivalent  bonds all agree wi th in  the e.s.d.'s, and  
so weighted mean  est imates of the chemically independent  
bonds m a y  be derived. These are given in Tables 3 and  4, 

Table 1. Bond lengths in naphthalene 

Present Robertson 
Bond refinement E.s.d. et al. 

AB 1-369 A 0.010 A 1.363 A 
BC 1-426 0.007 1-421 
CD 1.424 0.009 1.420 
DE 1.362 0.008 1-354 
AE" 1.404 0.009 1-395 
CC" 1.393 0.010 1.395 

Table 2. Bond lengths in anthracene 

Present Robertson 
Bond refinement E.s.d. et al. 

AB 1.365 A 0.009 A 1-361 A 
BC 1.428 0"007 1-426 
CD 1.393 0.007 1.387 
DE 1.398 0.006 1.395 
EF 1.418 0.008 1.412 
FG 1"375 0.007 1.366 
AG" 1-408 0-010 1.390 
CE" 1.436 0.007 1-440 

together  wi th  their  e.s.d.'s (allowance has been made  
for the negat ive correlation of the lengths of BC and CD 
in naphtha lene  th rough the common atom C, and similarly 
for CD and DE in anthracene) .  

Tables 3 and 4 also give the theoretical  bond lengths  
according to the molecular orbital  calculations of Coulson 


