
286 SHORT C O M M U N I C A T I O N S  

modification suggested by  Pep insky  & Cochran (1951), 
should be useful. However,  the  ampli tudes  were so 
dis t r ibuted t h a t  the  la t ter  modification failed entirely,  
and  the equations relat ing the Fourier  coefficients of the 
squared and  unsquared dens i ty  functions gave correct 
sign relationships only when the full  set of coefficients 
was used in each equation.  As a consequence, these 
methods  were not  useful a t  all in the early, critical stages. 

The vector convergence dens i ty  (VCD) method  
(Buerger, 1950; Beevers & Robertson,  1950) for inter- 
pre ta t ion  of the Pa t te r son  diagram was first t r ied un- 
successfully. I t  was later  discovered t h a t  a computa t ional  
error (htunan, not  machine!)  was responsible for the 
failure. The a-axis projection was actual ly  first solved 
by  the very  classical use of Bragg-Lipson  charts  and  
packing considerations. Subsequent  applicat ion of the 
VCD method  showed tha t  this  led direct ly to the correct 
project ion on (100). 

The a-axis projection is shown in Fig. 1, as photo- 
graphed from X-RAC. The correctness ratio, R 
,,U, JFo--FeI÷2:JFoJ, for this projection is 0.20. The 
s t ructural  formula is shown in Fig. 2. 

A projection on (010) was computed in order to 
determine the x coordinates. All coordinate assignments  
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Fig. 2. Structural formula for kojic acid. 

Table 1. Coordinates for kojic acid 

X y Z 

C~ 0" 14 0"047 0"300 
C 2 0"00 0-099 0"393 
C a 0.04 0"165 0"313 
C 4 0-22 0.170 0.159 
C s 0.29 0" 114 0-059 
C a 0.26 0.091 0-902 
O 1 0.36 0-057 0-140 
O~ 0.12 0-091 0.545 
O 3 0-86 0.210 0.393 
04 0.16 0.162 0.799 

to date  are presented in Table 1. A full three-dimensional  
analysis  is in progress and  will be reported subsequently.  

A projection on (010) is now in progress, to determine 
the x coordinates. Ful l  details of the s t ructure will be 
published upon completion of this  phase of the analysis.  

Computat ions  on X-RAC were supported b y  Contract  
No. N6 onr-26916, T.O.  16, wi th  the  Office of Nava l  
Research.  The program on sugar s tructures has  been 
aided by  grants  from the Research Corporation. The 
crystals  were furnished by  Charles Pfizer and Sons, Inc. ,  
of Brooklyn.  
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A tr ial  s t ructure  of ar t ini te  has been derived from (a) 
unit-cell parameters  (see below); (b) the presumed 
analogy to certain magnesium oxychlorides (de Wolff & 
~Valter-Levy, to be published) involving infinite bands  
lib with  a brucite s t ructure;  (c) the outs tanding s t rength  
of the (203) reflexion, indicat ing the az imuth  of the 
bands;  (d) Her i tsch 's  (1948) conclusion (optical) t ha t  
CO s ions lie in planes [Zb, and his value for their  az imuth ;  
(e) Fenoglio's (1942) conclusi6n from etching figures, 
t ha t  the space group is probably  C2. 

The value of Pc were compared wi th  IFo[ values of the 
34 (hO1) reflexions wi th  (sin 0)/2 < 0.32, obtained from 
the photometer  record of a powder pa t t e rn  (sample 
k indly  submit ted  by  Dr de Jong,  wi th  a = 16.56, 
b----3-15, c =  6.22 ~ ,  f l =  99 ° 9') and completed for 
some coincident reflexions by  using Heri tsch 's  qual i ta t ive 
single-crystal data.  Slight parameter  changes led to a 
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sat isfactory agreement.  The final projection (Fig. 1, 
Table 1) shows the bands consisting of two rows of 
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Fig. 1. (010) projection. 
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oetahedra,  sharing wi th  CO3 ions those oxygen atoms 
which have only one magnesium neighbour.  The anions 
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Fig. 2. Observed (full line) and calculated (broken line) values 
of IF(h01)l. 
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must  have a repeat  distance of 2b, but  the resulting 
reflexions wi th  non-integral  /c are diffuse (Heritsch). 
This can now be understood as a consequence of the 
extremely weak correlation between the rows of anions;  
disorder wi thin  any  single row seems improbable.  The 
y coordinates in Table 1 refer to the averaged s t ructure  

Table 1. Atomic positions in fractional coordinates 

x y z 
Mg 0-064 0.250 0.139 
OH -- 0.019 0.750 0-175 
H20H 0.146 0.750 0.067 
½(OI H- H20I) O" 114 0"250 0"466 
½0LI O- 194 0-583 0"689 
½OH 0.194 --0.083 0-689 
½C 0.167 0.250 0-611 

(space group C2/m), assuming min imum distort ion of the 
octahedra  and  assuming r ight  angles between the 
direction C-OI and  [010]. The corresponding Fc values 
of 25 (hl/) reflexions agree reasonably wi th  Heri tsch 's  
qual i ta t ive estimates.  Fur ther  ref inement  has not  been 
a t t empted  because of the difficulties ensuing from over- 
lapping in the averaged structure.  The length of q (2.88/k) 
as compared wi th  p (2-65/k) (Fig. 1) explains the perfect 
cleavage along (100) observed by  Heritsch. 
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Bhagavan tam & Suryanarayana  (1949) obtained the 
number  ni of physical  constants  for properties such as 
photo-elastici ty,  elasticity, piezo-electricity etc. in each 
of the 32 crystal  classes. J a h n  (1949) derived the same 
numbers  by a different method  and extended the results 
to isotropic solids and solids having complete ro ta t ional  
symmetry*.  J ahn ' s  results can be derived from group 
characters using the formula 

f~ 1 P d 1 (Z+Z--{-Z-Z+) c# , ni ~- ~ o 

wher Z' s tands for the character  of the physical  proper ty  
and Z+ ---- 1-J= cos ~, the upper sign holding for rotat ions,  
and the lower sign for ro ta t ion  reflexions. 

For  example, in the case of elasticity, 

+ = 16cos 4q~!8cos 3 ¢ - 4 c o s  2 ~ - I  

and ni -- 2 .  

* The last heading R~  of Table 1 of Jahn's paper should 
be replaced by Roo. 

Similarly, other  constants  for isotropie solids can be 
evaluated.  

In  the case of solids possessing only symmet ry  Rc~, 
the formula takes the form 

l l ~  ' d n i = -  Z+):- q~. 
7~ , 0 

The results thus obtained agree in all cases wi th  those 
of J a h n  (1949, Table 1). The above formulae follow 
direct ly (Wigner, 1931, p. 167) from the or thogonal i ty  
relations between the characters of the irreducible 
representat ions of the symmet ry  groups R / and  Roo. 

Our thanks  are due to Dr H. J t t retschke for his helpful 
suggestions on this paper.  

References  

BHAGAVANTAM, S .  • SURYANARAYANA, D .  (1949). Acta 
Cryst. 2, 21. 

JAHN, H . A .  (1949). Acta Cryst. 2, 30. 
WICKER, E. (1931). Gruppentheorie und ihre Anwendung 

auf die Quantenmechanilc der Atomspektren. Bruns- 
wick: Vieweg. 

19" 


