
122 S H O R T  C O M M U N I C A T I O N S  

have  an edge of about  3.8 A. The n u m b e r  of lines ac tua l ly  
observed up to sin 0 = 0-8 was roughly  five t imes the  
n u m b e r  a 4 A cubic cell could have  p roduced  in this  
interval .  At  higher  values of sin 0 the  lines were too 
diffuse to measure  or even count .  

The following observat ions were sufficient to select a 
un i t  cell. The 'cubic 200' reflection was split into two 
lines wi th  the  one of smaller Bragg angle more  intense 
t h a n  the  o ther ;  this  was accounted  for by  assuming the  
a and  c axes abou t  equal  and  the  b axis somewhat  shorter.  
The 'cubic l l0 '  reflection appeared  split into four lines 
consisting of one line and  a close double t  on opposite 
sides of a ve ry  s t rong line; these were accounted  for by  
also tabing  fl different  f rom 90 °. W e a k  lines corresponding 
to spacings greater  t h a n  4 ~ were present ;  these were 
a c c o u n t e d  for b y  doubling the  cell edges. The result ing 
cell h a d  the  following dimensions:  

a -- c ---- 7.61±0-01, b ---- 7-54~-0.01 ~ ;  fl = 92 ° 56 '±6 ' .  

All bu t  two very  weak  lines were indexable  wi th  this cell. 
Indices  were assigned on the  basis of Bragg-angle agree- 
m e n t  wi th  no cons idera t ion  as to the  possible space 
group. Excep t  for 504 and  070, however ,  all the  indices 
are consistent  wi th  P21/n. Bo th  of these exceptions are 
ambiguous,  and,  in view of the  discussion by  Vousden 
(1951), should be considered less probable t h a n  their  
l is ted a l ternates  (Table 1). 

I f  a is no t  exac t ly  equal  to c ( they are no t  l ikely to 
differ by  more  t han  0-015 A however) ,  the  crystals  are 
p robab ly  monoclinic.  If  a is exac t ly  equal  to c, choosing 
the  diagonals of the  a-c  face as new a and  c axes results  
in a cell which  is orthogonal ,  B centered,  and  has  cell 
edges of 10.49, 7.54 and  11.04 /~. This cell would  imply  
t ha t  the  crystals are or thorhombic .  The or thorhombic  
a and  c axes could be halved if the  monoclinic  cell were  
end  centered,  bu t  the  332 and  524 or 504 reflections, 
bo th  ve ry  weak,  p reven t  this  possibility. 

Another  possibility is t ha t  the  cell is similar to t h a t  of 
NaNbO a (Vousden, 1951). I n  this case we would  expect  
the  dimensions of the  or thorhombic  cell to be 5.24, 15.08 
and  5-52 A. If  one takes  into account  the  ambigui t ies  in 
some of the  indexing, no reflections p reven t  this possibil- 
i ty.  In  fact,  this cell could also account  for the  two pre- 
viously non- indexed reflections. A decision as to which  
uni t  cell is correct,  as well as a n y  detai led eva lua t ion  of 
the  s t ructure ,  will p robab ly  have  to awai t  the  growing of 
sat isfactory single crystals.  
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Simple, rapid  methods  of calculat ing s t ruc ture  factors 
usual ly  depend  on the  use of some geometrical ,  mechanica l  
or electrical analogue.  The methods  of Vand  (1948), 
LleweUyn (1951), Phillips (1952), Stanley (1952) and  
Grenville-Wells (1954) all suffer from some disadvantages  
such as l imited accuracy,  the  necessi ty of prepar ing 
pre l iminary  tables of (hx+ky), or the  inconvenience of 
the  presenta t ion  of the  result  as the  length  of a line or the  
deflection of a ga lvanometer .  Numer ica l  me thods  for 

calculat ing the  p roduc t  cos (hx) cos (ky) are convenient  
sin sin 

only when  a single p roduc t  is required.  The m e t h o d  here 
described is more  accura te  t h a n  most  analogue devices 
and  is numerical .  

The basis of the method is a single table of values of 
cos x a t  intervals  of 0-001 in x, a r ranged  in a rec tangular  
a r r ay  so t h a t  successive rows overlap. I n  the  present  
table each value  of cos x is conta ined in a rectangle  
1.0 cm. × 0.5 cm. and  the  values of x in successive rows 
r u n  thus :  

0-000-0.040, 0.020-0.060, 0.040-0.080 . . . . .  0-980-0.020, 
0.000-0-040, 0-020-0-060 . . . . .  0-980-0-020. 

Posi t ive and  negat ive  values of cos x are dist inguished 
by  the  use of different  coloured inks and  the  values of 
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x for bo th  sin x and  cos x are m a r k e d  along the  edges 
of the  table. This type  of a r r angemen t  of four complete  
cycles is necessary "in order  t ha t  the  masks,  described 
below, can be moved  over the  table  and  the  correct  
relat ionship be tween  the  positions of the  values of cos x 
preserved.  The par t icu lar  a r r angemen t  is flexible and  
the  present  table,  which  can be m o u n t e d  on a boa rd  
18 in. × 20 in., has been designed for convenient  desk use. 

Masks are prepared,  which cover the  area  of one cycle 
of the  table, f rom which  are cut  rec tangular  holes 
1-0 cm. × 0-5 cm. a t  positions corresponding to Icy. One 
mask  is requi red  for each value of y punched  wi th  holes 
corresponding to successive orders of k up  to, say, 20, 
and  the  holes are m a r k e d  wi th  the  values of k. On the  
scale proposed the masks are approximately quart~ size, 

To use the  m e t h o d  a table  of values of hx is p repared  
for each a tom and  the  appropr ia te  mask  for the  y value  
of the  first a tom is selected. The mask  is placed wi th  the  
zero-order hole a t  000 in the  table.  The values of cos ky 
appear  in the  holes m a r k e d  k from 0 to 20. These values 
are convenient ly  no ted  on a recording adding  machine .  
The mask  is t hen  moved  unt i l  the  zero-order hole is at 
x in the  table when  all the values of cos (x+ky) appear  
in the  holes m a r k e d  k and  are similarly recorded.  This 
procedure  is repea ted  wi th  the  zero-order hole a t  2x, 3x, 
etc. unt i l  all the  values of cos (hx+ky) have  been re- 
corded. Negat ive  values of k can be obta ined by  punch ing  
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addi t ional  holes in the mask  or, preferably, by rota t ing 
the  mask  in its own plane through 180 ° so tha t  the  zero- 
order hole is a t  the  bo t tom r ight -hand corner of the mask. 
Values of cos (hx+ky)  for every a tom can be obta ined 
in this way and the  values for similar a toms summed.  
For  non-cent rosymmetr ic  projections the  values of 
sin (hx+ky)  can be obta ined in the same way, using the 
same masks and  the  same table, by set t ing the  posit ion 
of the  masks from the values of x, marked  along the  
edges of the  table, corresponding to sin x. 

The table can be prepared from the values of cos x 
given in Internationale TabeUen (1935). The masks can 
be made  as required unt i l  a substant ial  number  of the 
500 necessary for a complete set has been acquired, and  
then  the  missing ones can be added.  (100-200 masks 
may  be required during the  ref inement  of two zones of a 
s tructure of average complexity.)  A master  chart  of the 
same dimensions as the  mask,  marked  out in rectangles 

as in the  table, in which are pr in ted  the  values of x, 
is useful for making  the  masks. The corners of the  rect- 
angles corresponding to the  values of ky for the  required 
value of y can be pricked through to a blank mask  placed 
below. 

Geometrical  structlLre factors for a cent rosymmetr ic  
zone containing 10 similar a toms can be evaluated at the 
rate of 20-30 per hour. 

R e f e r e n c e s  

GRENVILLE-WELLS, J.  H. (1954). J.  Appl .  Phys.  25, 485. 
Internationale Tabellen zur Best immung yon Kristallstruk- 

turen (1935). Berl in:  Borntraeger.  
LLEWELLY~, F. J.  (1951). J.  Sci. Instrum. 28, 229. 
PHILLIPS, D. C. (1952). J.  Sci. Instrum. 29, 299. 
STA_~-LEY, E. (1952). J.  Sci. Instrum. 29, 334. 
VAND, V. (1948). J .  Sci. Instrum. 25, 352. 

Acta Cryst. (1955). 8, 123 

The crystallol~raphic c o n s t a n t s  o f  acetoxynorcafestenolide. By I. R. BEATTIE and 0.  S. MILLS, 
Department of Chemistry, University of Sheffield, England 

(Received 29 December 1954) 

The molecular structure of cafestol is unknown and has 
been the  subject  of several chemical investigations 
(Djerassi, Wilfred, Visco & Lemin, 1953; Haworth ,  
Jubb  & McKenna,  1954). Organic reactions indicate the 
presence of a furan ring a t tached  to a s ix-membered ring 
and also a f ive-membered carbon ring wi th  glycollic side 
chain. Combustion analyses suggest a formula C~0H2803, 
which leads to possible structures involving five rings. 
The presence of two extra  hydrogen atoms, which would 
admi t  a number  of other  structures involving fewer rings, 
cannot,  however,  be immedia te ly  dismissed. This work 
was under t aken  to determine the  exact  number  of 
hydrogen atoms per molecule, which must ,  in this com- 
pound,  be even. 

Crystals of the  derivat ive acetoxynorcafestenolide 
(Haworth,  J u b b  & McKerma, 1955), C21H~804, based 
upon the  above formula for cafestol, proved to be easily 
obtainable as single crystals from ethereal  solution. 
Fur thermore ,  prel iminary invest igation showed them to 
be monoclinic wi th  fl -- 92 °, so tha t  the  unit-cell volume 
is relat ively insensitive to slight errors in ti- 

The pr imit ive translat ions were obtained from single- 
crystal ro ta t ion photographs by the me thod  suggested 
by Farquhar  & Lipson (1946), the values being refined 
by least-squares extrapolation.  Their a r rangement  of a 
van  Arkel moun t ing  was modif ied by the  insertion of a 
shaped ebonite plug, drilled to take the  collimator as- 
sembly, into the  collimator opening of a Unicam 3 cm. 
camera to ensure tha t  the  film was wholly in contact  
wi th  the  camera. Normally,  filtered CuK~ radiat ion was 
used, but  where this did not  result in spots at  sufficiently 
high 0, as was the case for the b direction, filtered Ni K s  
radiat ion was found to be satisfactory. At  least two 
determinat ions  of each parameter  involving different 
crystals were made ;  fl was measured by the me thod  of 

t r iangulat ion (Buerger, 1942), using a Weissenberg 
camera, as the me thod  of angular lag becomes unreliable 
as fl tends to 90 ° . 

R e s u l t s  
Taking 

Cu K a  1 = 1"54051 /~, Ni K a  1 ---- 1"65784 /~, 
Cu Kc~. ---- 1"54433 A, Ni Ka~ = 1.66169/~ , 

we find 
a sin fl = 8.252±0.002 A ,  

b = 7.683±0-002 /~, 
c sin fl = 14.637±0.002 /k,  

fl = 92 ° 36 '±30 '  (sin fl = 0.9989±0-0004).  

The densi ty  is 1.2285 g.cm. -a and  hence the unit-cell 
volume is 929.0±0.5 A 3. 

Systematic absences were 0k0 when k is odd;  the space 
group is therefore P21 or P21/m. Since there are only 
two molecules per uni t  cell and chemical evidence rejects 
the possibility of a molecular centre of symmetry ,  the  
space group is probably P21; and this is confirmed by the 
detect ion of a pyroelectric effect. 

The molecular weight  de te rmined  is then  343.8±0.5 
while tha t  for C21H2804 is 344.4. 

The densi ty of the crystals was measured,  after out- 
gassing in vacuo for 12 hr., by the sink-or-float method,  
using variat ion of both  the solution composit ion and the 
temperature .  

The crystals were elongated along b. The refractive 
index parallel to b was considerably less than  the indices 
perpendicular  to b. These observations are consistent 
wi th  a roughly planar molecular arrangement ,  the planes 
being stacked normal  to the screw axis. These observa- 
tions thus show tha t  the structure of cafestol must  con- 
tain five rings. 


