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Since the molecule has a centre of symmet ry  and 
consequent ly  corresponding atoms and groups in each 
half of the molecule are in trans-positions to each other 
with respect to the inner C*-C* bond, it is only necessary 
to give the relative orientat ion of the  outer C-O bond 
wi th  respect to the outer C*-C bond, in order to describe 
the  configuration of the whole molecule. Thus the  direc- 
t ions of the outer C-O bond and the  C*-C* bond make  
a gauche-configuration wi th  respect to the C*-C bond. 
The two hydroxy l -oxygen  atoms are, too, in gauche- 
positions around the  C*-C bond. Hence,  it is highly 
probable tha t  the  oxygen a tom in the outer hydroxyl  
group is in approximate  trans-posit ion to the  hydrogen 
a tom bonded to the  asymmetr ic  carbon atom. This 
relative configuration of the  two hydroxyl  groups with 
respect to the  C-C* bond, agrees with tha t  found in 
tartaric acid and ta r t ra te  ion (Beevers & Hughes,  1940, 
1941; Stern & Beevers, 1950; Sadanaga, 1950; Parry,  
1951; Bommel  & Bijvoet,  1958). This configuration, 
moreover,  can be compared with the molecular configura- 
t ions reported for e thylene glycol and glycerol obtained 
from electron diffraction studies (Bastiansen, 1949). 

Another  interest ing aspect of the structure is the  
hydrogen bond formation between adjoining molecules. 
The outer  hydroxyl-oxygen a tom is l inked to two oxygen 
a toms of the  outer hydroxyl  groups of the neighboring 
molecules, above and below, wi th  a distance 2.66 .~ 
forming a spiral chain ar rangement  of hydrogen bonds 
along the c-axis. The inner hydroxyl-oxygen a tom is, 
on the  other hand,  linked to two oxygen atoms of the  

inner hydroxyl  groups of the  neighboring molecules. 
They form a square of 2-77 A sides, wi th  its diagonals on 
different planes, around the position given by the  sym- 
met ry  4. They are making  a lateral linkage, in a way, 
but  at  the  same t ime they  are uni t ing molecules wi thin  
the  same chain ment ioned  above. These two types  of 
hydrogen bonds in this crystal l ink all the molecules 
firmly in a three-dimensional  way, in agreement  wi th  the  
fact tha t  this crystal has no cleavage. 

The structure is now being refined and will be repor ted  
in detail  at  a later date.  

The author  is indebted to Prof. I. :Nitta, and Prof.  
T. Watanab@ for their  helpful advice. 
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The validity of the elliptic paraboloid approximation for peaks on electron density maps.  
By J.  LAWrEnCE KATZ, Rensselaer Polytechnic Institute, Troy, New York 
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The elliptic paraboloid approximat ion (Ladell & Katz,  
1954)* has been subject to some criticisms recently 
concerning its val idi ty  under  certain circumstances 
(Burns, 1958). Al though this criticism is valid, the  nature  
of the  approximat ion is such as to indicate the  range of 
its validity.  I t  did not  seem necessary in preparing the  
original short communicat ion to list explicit ly the  limita- 
tions of this quadrat ic  approximation.  However,  sub- 
sequent  users of the me thod  (Burns, 1955; Dickens, 1956) 
have indicated tha t  they  are unknowingly using the L.K. 
approximat ion ei ther near or beyond its l imitations.  In 
order to establish quant i ta t ive  limits for the  effective use 
of the  L.K. method,  one of us has developed a set of 
criteria which determines the val idi ty of the  quadratic 
approximat ion  (Katz, 1957). 

If a function f (x ,  y) is to have a m a x i m u m  at (a, b), 
then  the necessary conditions tha t  f(a,  b) be an ex t remum 
of f (x ,  y) are: 

~f (x, y) ~f (x, y) 
x = a  = 0;  x = a  = 0 .  (1) 

ax y=b ay y=b 

That  these conditions are not  sufficient to ensure a 

* Henceforth abbreviated L.K. 

February 1958) 

m a x i m u m  or m i n i m u m  can be readily seen by examining 
a saddle function, e.g. a hyperbolic paraboloid, at  the  
saddle point.  

An examinat ion of the  Taylor expansion of f ( x ,  y) 
leads to the  well known sufficiency condit ion for an 
ext remum,  i.e. 

o:j (o:j (o:j 

I t  is apparent  t ha t  02f/Ox 2 and 02f/Oy ~ must  have the 
same sign to ensure a max imum or min imum in f (x ,  y) ; a 
maximum when ( o'.i  

~x 2 or i~y2] < 0 

a min imum when 

02f or > O. 
~x  2 @2] 

In  the  L.K. approximat ion 

Z = f (x ,  y) ----- A x 2 ÷ B y ~ ÷ C x y ÷ D x ÷ E y + F  

so tha t  equat ion (2) becomes C2--4AB which is exactly 
the denominator  of the expressions for Xmax. and Ymax. in 
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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 -  


