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(a) The densi ty  is less t han  t ha t  of c.c.p, and  the  
possibility of a t ransi t ion to the  la t ter  s t ructure  is thus  
likely as the simplicity of the  t ransi t ion mechanism has 
been demons t ra ted  above. Each  sphere (in a face) makes  
only 6 contacts  wi th  the 12 neighbours in its first co- 
ordinat ion sphere and  the spread of a displacement  is 
facil i tated. 

(b) As n increases the  ratio of pentagonal  pyramida l  
prism to cuboctahedron coordinat ion decreases. The 
chemical  propert ies of the  assembly would thus also 
have  to change wi th  n. 

(c) The layers parallel  to icosahedron faces are in a 
cubic s tacking sequence. The energy for hexagonal ly  
s tacked addit ions migh t  be almost  identical  and  any  
such stacking fault  would prevent  the icosahedral packing 
from continuing.  I t  is possible tha t  the inclusion of a 
small a tom wi th  a decided preference for icosahedral 
coordinat ion migh t  stabilize a nucleus from which a 
normal ly  cubic mater ia l  might  grow. 

J .  D. Bernal  (private communicat ion,  1960) has pointed 
to the  existence of a class of hierarchic structures,  in- 
definitely ex tended  in three dimensions, which are non- 
lat t ice packings.  The uni t  of packing is the a r r angemen t  
of 13 spheres as an icosahedron making  a quasi-spherical 
uni t ,  13 of which are packed  together  to make  a quasi- 
sphere of the  nex t  order. Te t rahedra l  units  are used to 
pack  the  interstices and as all smaller units  are available 
for packing the interstices be tween larger ~mits it is 

difficult to give simple rules for this packing.  However ,  
there  is a clear relationship be tween the  early stages of 
such a h ierarchy and  the  packing described above. 
Counting the  central  sphere as the zeroth layer,  the  
first three layers of Bernal 's  s t ructure  are the  same as 
in the i.s.p, described above. Looking a t  the  packing of 
the  layers parallel to the faces of the  core icosahedron 
the stacking sequence is ABCA ( that  is, c.c.p.). I f  the  
four th  layer  were B as in i.s.p, then  the  coordinat ion 
about  the spheres on the five-fold axes in the  layer  below 
(third layer) would be pentagonal  pyramida l  prisms, 
bu t  if the four th  layer  were C (stacking faul t  in hexagonal  
sequence) and  spheres were also placed on the  five-fold 
axis as before then  12 icosahedra (each of 13 spheres) 
would appear  round  the first icosahedron wi th  a te t ra-  
hedron  of 4 spheres filling each cavi ty  be tween 4 icosa- 
hedra .  The result ing solid of 279 spheres is thus  the 
second-order icosahedral uni t  described by  Bernal.  The 
outside shell is no t  close packed (i.s.p. would have  309 
spheres instead of 279) and, on a t t empt ing  to pack  these 
large units  together,  description of the  exact  position of 
each a tom becomes very  difficult. I t  is improbable t ha t  
the densi ty  can be kept  up even to the value of 0.68818. 

The au thor  wishes to acknowledge m a n y  s t imulat ing 
discussions wi th  Dr  Aaron Klug  in which suggestions by  
Prof. R. Buckmins te r  Ful ler  and Prof. J . D .  Bernal  
were developed. 
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Crystal  da ta  for seven 5c~-pregnane 'el-ones' have  been 
de te rmined  from goniostat-collected reciprocal latt ice 
measurements  using C u K ~  radiat ion.  Space groups 
were deduced from systemat ic  absences and  the fact 
t ha t  these compounds  are optically active. 

The n u m b e r  of molecules per  uni t  cell was calculated 
in the usual  way  using f loatat ion densi ty  measurements ,  

in revised form 16 April 1962) 

assuming no solvent of crystall ization.  Tha t  solvent  of 
crystal l ization (probably alcohol) is sometimes presen t  
in crystals of 5c~-pregnane compounds,  however ,  is 
indicated by the  discrepancies be tween  the  calculated 
and  measured  densities. 

The crystal  da ta  obta ined are given in Table 1. 

1. 5 a--pregnane--3fl--ol--20--one 
2. 5c~--pregnane-- l la--ol--3,  20--dione 
3. 5c~--pregnane--3fl--ol--ll ,  20--dione 
4. 5a--pregnane--17a,  21--diol--3, 11, 20--trione 
5. 5a--pregnane--3fl,  17a, 21-- t r io l - - l l ,  20--dione 
6. 5a--pregnane--3a,  llfl, 17a, 21--tetrol--20--one 
7. 5a--pregnane--3fl,  llfl, 17a, 21--tetrol--20--one 

* +0.004 A. 

Table 1. Crystal data 
1. 2. 3. 4. 5. 6. 7. 

Formula C21H340 2 C21H3203 C21H3203 C21H300 5 C211:~3205 C21~t3405 C21H3405 
iVIolecular wt. 318.48 332.5 332-5 362.45 364.47 366.48 366-48 

(g.cm. -3, meas.) 1.100 1.208 1.171 1.185 1.154 1.205 1-198 
(g.cm. -8, calc.) 1.061 1.206 1.173 0.991 1.041 1.278 1-214 

Z 4 4 4 2 4 4 8 

Space group P21 P2122 P21 P21 P21 P212121 P212121 
a (/~)* 13.485 10.667 17.546 16.525 11.545 12.539 14.061 
b (A)* 12.385 23.447 7.502 7.504 25.523 12-830 23.468 
c (A)* 12-114 7.320 14.637 9-820 8.447 11.686 11-995 
fl 99"88 ° - -  102"63 ° 94"50 ° 110.96 ° - -  - -  
V (A 3) 1993 1831 1880 1214 2324 1880 3958 

Solvent ethanol ethanol ethanol ethanol ethanol ethanol toluene 


