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t h e  a p p r o × i m a t i o n .  I t  is th is  t e r m  A = C~--4AB which  
de t e rmines  b o t h  t he  qua l i t y  of t he  shape  of t he  p e a k  
a n d  t h e  a c c u r a c y  w i t h  w h i c h  the  m a x i m u m  posi t ion  can 
be d e t e r m i n e d .  

F o r  A < 0 t he  a p p r o x i m a t i o n  is good a n d  will  y ie ld  
a c c u r a t e  resul ts  p r o v i d e d  A < 0, B < 0. If  A < 0, b u t  
A > 0 a n d  B > 0 t h e n  the  wrong  po in t  has  been  chosen 
as Z(0 ,  0) a n d  the  p e a k  o b t a i n e d  wil l  be sh i f ted  f rom the  
t r ue  pos i t ion  b y  an  a m o u n t  p ropor t iona l  to t he  dis tor-  
t ion  in t he  e l l ip t ical  pa rabo lo id .  This  has  been  shown 
g raph i ca l l y  b y  Dickens .  As is co r rec t ly  exp la ined  b y  
D ickens ,  t h e  m a x i m u m  posi t ions  found  us ing  each  of the  
p o i n t s  616, 627, 634 in t u r n  as Z(0,  0) shou ld  no t  be 
e x p e c t e d  to  coincide.  H o w e v e r ,  D ickens '  use of these  
m a x i m u m  posi t ions  as a measu re  of the  a c c u r a c y  of t he  
:L.K. a p p r o x i m a t i o n  is i nva l id  since t he  a p p r o x i m a t i o n  
o n l y  holds  w h e n  the  h ighes t  po in t ,  i.e. 645 is used as 
Z(0 ,  0). D ickens '  m e t h o d  of check ing  the  a c c u r a c y  of the  
L . K .  m e t h o d  b y  choosing poin ts  o the r  t h a n  the  h ighes t  
po in t  on t he  m a p  as Z(0,  0) of ten  will  lead  to  subs t an t i a l l y  
incor rec t  values .  This  can  be shown by  e x a m i n i n g  the  
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Fig. 1. Set of hypothetical  electron-density values on (001) 

fol lowing example  (Fig. 1). I n  th is  case the  h ighes t  m e s h  
va lue  is in i t ia l ly  loca ted  a t  x = y = 0.1500. 

W h e n  the  L .K .  m e t h o d  is used  w i t h  Z(0,  0 ) =  480, 
A = --16,093 a n d  the  peak  pos i t ion  o b t a i n e d  is xm = 
0-1495, Ym = 0"1475, wh ich  checks  qu i te  closely w i t h  
g raph ica l  resul ts .  I f  t he  m e t h o d  is app l ied  us ing 401 as 
Z(0,  0) (in order  to check  the  a c c u r a c y  as Dickens  has  
done) ,  A = + I 9 9  a n d  the  ca l cu la t ion  reduces  to an  
absu rd i t y ,  i.e. t he  peak  pos i t ion  o b t a i n e d  is Xm = 
--0"1834, y = 0"1711, a shift  of a lmos t  t h i r t y  t h r e e  
e lec t ron  dens i ty  in te rva l s  to t he  left  in  x, a n d  two  elec- 
t r on  dens i ty  in te rva ls  u p w a r d s  in y. This  effect  is due  to  
t he  m a r k e d  dev i a t i on  of t he  p e a k  shape  f rom a t r u e  
el l ipt ical  parabolo id .  I t  is th is  l a t t e r  resul t  wh ich  is also 
to be e x p e c t e d  w h e n  the  L .K .  m e t h o d  is used  on un-  
resolved a toms .  The  shapes  of these  un reso lved  peaks  
dev ia t e  cons ide rab ly  f rom ell ipt ic pa rabo lo ida l  cha r ac t e r  
in the  n e i g h b o r h o o d  of t h e  peak  m a x i m a s ;  in fac t  t h e  
saddle  po in t  t y p e  d i s t r i bu t ion  is mos t  l ikely  to be present .  
Thus  i t  is to be e x p e c t e d  t h a t  ' eno rmous '  errors  wil l  be  
invo lved  (see above  example ) ;  indeed  the  L .K .  approx-  
i m a t i o n  was  n e v e r  i n t e n d e d  for use on un reso lved  a toms .  

The re  are  two  s imple  c r i te r ia  w h i c h  m u s t  be o b e y e d  if 
t he  L .K .  a p p r o x i m a t i o n  is to be used  co r r ec t ly :  (1) B o t h  
A and  B m u s t  be less t h a n  0. Th i s  can  be ensu red  b y  
us ing the  h ighes t  po in t  on the  m a p  for Z(0,  0); (2) 
A < 0, i.e. t he  va lues  of Xmax. and  Ymax. ob t a ined  us ing  
the  L .K .  m e t h o d  m u s t  each  be less t h a n  one. 

Las t ly ,  t he  c la im t h a t  ob l iqu i ty  of t he  m e s h  could  be 
neg lec ted  if on ly  p e a k  he igh t s  are  r equ i red ,  was  based  
on ca lcu la t ions  w h e r e  0 was  close to  90 ° . I t  is to  be 
e x p e c t e d  t h a t  if 0 dev ia t e s  cons ide rab ly  f rom 90 °, t h e  
more  de ta i l ed  ca lcu la t ions  m u s t  be used in order  to  o b t a i n  
a c c u r a t e  resul ts .  
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Acetone is a sesquiterpene ketone whose empirical for- 
m u l a  is CtsH~40~. I t  occurs  in t h r ee  s te reoisomer ie  forms:  
aeorone ,  i soaeorone  a n d  neoacorone  (Sorm, H e r o u t  & 
Sykora ,  p r i v a t e  eommtmiea t i on ) ,  whose  s t ruc tu re s  are  of 

Tabe l  1• Crystallographic data 
Density 

Sub- a b c g.cm. -3 Space 
stance (A) (/t~) (/l) fl Obs. Calc. Z group 

Acetone 6.2 14-2 8.3 96 ° 1.09 1"08 2 P21 
Iso - 

acorone 6.2 9•6 23.7 - -  1.12 1.11 4 P21212 , 
Neo- 

acorone 6.4 13.7 32.4 - -  1-12 1.11 8 P212121 

considerable stere0chemical inVerest. The data presented 
below are  t he  resul ts  of a p r e l i m i n a r y  X - r a y  inves t iga t ion  
of these  isomers.  

The  cell d imens ions  a n d  space groups  s u m m a r i z e d  in 
Tab le  1 were  d e t e r m i n e d  by  osci l la t ion a n d  Weis senbe rg  
p h o t o g r a p h s  t a k e n  w i t h  Cu K a  rad ia t ion .  The  a c c u r a c y  
of the  va lues  q u o t e d  is of t he  order  of 1%. 

A c o r o n e  

Acorone  itself  fo rms  poor c rys ta ls  w i t h  i l l -def ined faces;  
t he  L a u e  s y m m e t r y  is 2/m. The  only  s y s t e m a t i c  absences  
are  0k0 for k odd  and ,  as t he  subs t ance  is op t ica l ly  ac t ive ,  
t he  space g roup  is u n i q u e l y  d e t e r m i n e d  as P21. Compar -  
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ison of the observed and calculated densities shows t ha t  
there  is one molecule in the asymmet r ic  unit .  

Isoacorone 

The crystals are long or thorhombic  needles wi th  well 
developed (011} and  (010} faces. The systemat ic  absences 
are 001, 1 odd, 0/c0, k odd and  h00, h odd. These deter- 
mine the space group uniquely  as P212121. Comparison 
of observed and calculated densities again shows one 
molecule in the asymmet r ic  unit .  

Neoacorone  

The crystals are also long or thorhombic  needles wi th  the  
{011} and  {010} faces well developed. The systemat ic  
absences are the same as for isoacorone, again de termining 
the space group uniquely  as P21212~; it was, however,  

found t ha t  the substances had  two molecules in the  
asymmet r ic  uni t ,  by  comparison of the observed and 
calculated densities. 

The specimens s tudied were k indly  supplied by Dr  
V. Herou t  of the Ins t i tu te  of Chemistry,  Czechoslovak 
Academy of Science, Prague,  who has recent ly  advised 
us t ha t  Drs Lin@k and  NovAk of the same Ins t i tu te  
have dupl ica ted  the  above results for acorone and  have 
begun a detai led s tudy  of two of its derivatives.  In  view 
of this, and  the  unpromising na tu re  of the  isomers 
described here, no fur ther  work on them is to be carried 
out  in this laboratory.  

My thanks  are due to Prof. A. J .  C. Wilson for the  use 
of appara tus  purchased wi th  a Royal  Society Grant ,  
and to the  Depa r tmen t  of Scientific and Indus t r ia l  Re- 
search for financial  support .  
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U N  and  UC have been repor ted (Rundle,  Baenziger,  
Wilson & McDonald,  1948) to be cubic wi th  a NaC1 
ra ther  t han  a ZnS type  crystal  s t ructure .  Al though the  
contr ibut ion  of the ni t rogen or carbon to the diffracted 
X- ray  in tens i ty  is small, sufficient differences of in tensi ty  
were observed on powder  pa t te rns  wi th in  several pairs of 
lines to support  the NaC1 type  s t ructure  for U N  and  UC 
(Rundle et al., 1948). Recent ly ,  addi t ional  X- ray  and  
neu t ron  diffraction da ta  were obta ined defini tely con- 
f irming the NaC1 type  s t ructure  for UN. 

The sample used for this  s tudy  was obta ined by two 
different methods .  Pa r t  of the sample was made  by the 
decomposi t ion of U H  a a t  400 °C. wi th  fur ther  heat ing 
at  1000 °C. under  1 a tm.  of purif ied ni trogen.  Another  
par t  was made  by heat ing massive u ran ium meta l  in a 
ni t rogen a tmosphere  at  800 °C. followed by addi t ional  
heat ing a t  1200 °C. 

The X- ray  diffraction in tens i ty  da ta  were obta ined 
wi th  an X- ray  dif f ractometer  using a finely powdered 
sample wi th  a spinner. These intensit ies were found to 
be in be t te r  agreement  for the l~aC1 ra ther  t han  the ZnS 
type  s t ructure  as evidenced by  an R factor of 0.085 and  
0.14I, respectively,  for these two structures.  The R 
factor was de te rmined  according to the following rela- 
tion, R = l [ I o - - I c [ / l l o .  A latt ice paramete r  of 4-890:k 
0-001 A was obta ined for this same mater ia l  from a 
Debye-Scher re r  powder  pa t te rn  using a modified Cohen 
least-squares method.  

In  order to confirm the s t ructure  unequivocal ly  a 
neut ron  diffract, ion pat tern  was obtained wi th  the 
dif f ractometer  described previously (Sidhu, Hea ton  & 
Zauberis, 1956). A relat ively small sample of U N  was 
used which filled a v a n a d i u m  tube  ~" in d iameter  × 1-~2" 
in length. A s u m m a r y  of the relat ive neu t ron  intensities 
together  wi th  calculated values for the NaC1 and  ZnS 
type  s t ructures  is given in Table 1. The value of 2B in 
the Debye-Wal le r  t empera tu re  factor was de te rmined  
from the  slope of the  plot of logari thm of Io/Ic versus 
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Table 1. Observed and calculated relative neutron diffraction 
intensities for  U N  with A ---- 1.088 A 

Calculated* 
Observed 

hkl I / I  o NaC1 type ZnS type 

111 0.0 0.4 8-9 
200 101.4 102.5 0.3 
220 100.0 100.0 100.0 
311 0.0 0.4 77.1 
222 44.7 46.3 0.1 
400 25.5 25.2 25.2 
331 0.0 0.2 4.2 
420 79.4 79.3 0.2 
422 66.7 66.1 66.1 
333, 511 0.0 0.2 12.9 
440 20.4 24.3 24.3 
531 0"0 0.2 45-7 
442, 600 56.6 53.4 0.1 
620 39.3 39.0 39.0 

* I oc ]FI2p(1/(sin 2 0 cos 0))exp (--2B sin s 0/~2). 

(sin 2 0)/;t 2, using only those reflections whose calculated 
in tens i ty  was the  same for both  structures.  No correction 
was made  for absorpt ion since the ~r  value for the UN 
sample used was very  small;  namely ,  0-035. There is 
considerable difference in the calculated relat ive in- 
tensities for m a n y  of the reflections for the two types  of 
s t ructure,  and it is therefore apparen t  t ha t  the  best 
agreement  is wi th  the  NaC1 type.  The R factor for this type  
s t ruct~re is 0.024. 

The B value of 0.51 A 2 as obta ined above was also 
used to calculate 5, the  root-mean-square  displacement  
of an  average lat t ice point  in a direct ion perpendicular  
to the reflecting plane, and  O i  the  characteris t ic  tem- 
perature ,  according to the following given relation 
(James, 1948) : 

B = M / ( s i n  0/~) 2 = 8~2# 2 --- {6h2T/(mkO2M)} × (¢ (x )  + x / 4 } .  


