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The crystal s tructure of secondary alcohols is of interest  
because of their  dielectric properties described by 
Meakins & Sack (1951), who found them dependent  on 
the  me thod  of preparat ion.  Two forms were obtained,  
one by solidification of the  melt ,  and the  other by re- 
crystall ization from solution. AIl ~xamination of the  
crystal s tructure of the  form given by crystallization at  
room tempera ture  is briefly reported here. 

Crystals of 14-heptacosanol (m.p. 82 ° C.) were obtained 
as th in  plates by  evaporat ion of xylene solutions, the  
main  face (001) having  the  shape of a parallelogram, wi th  
its longer diagonal parallel to a and  shorter diagonal 
parallel to b, which is also a marked  cleavage direction. 
Some hexagonal  plates were also obtained,  boundaries 
parallel to b being developed. Reasonable diffraction 
pat terns  were difficult to obtain. 

Unit-cell  dimensions were de termined from rota t ing 
crystal and  equi-inclination Weissenberg photographs 
using Ni-fil tered Cu radiation.  The crystal system is 
monoclinic, and  cell dimensions are 

a = 8.14, b ---- 4.95, c ---- 73.2 A, fl = 104 ° . 

The density,  measured  by  flotation in alcohol-water  
mixture,  was 0-90 g.cm. -8, the value calculated for four 
units  of CavI-Is~O per cell being 0-91 g.cm. -a. Reflexions 
(hO1) with  1 odd and (0/c0) wi th  k odd were absent,  so 
tha t  the  space group is P21/c. 

In tens i ty  da ta  were obtained by the multiple-fi lm 
technique,  and, a l though an intensi ty  range of 8000:1 
was recorded, only 150 of the  400 possible (hO1) reflexions 
wi th  2 sin 0 ~ 1-5 were of measurable intensity.  Relat ive 
structure factors were placed on an absolute scale by 
comparison wi th  calculated values, for which McWeeny's  
(1951) scattering curves for hydrogen,  'valence states '  of  
carbon and  f---- ½(f-÷fll) of oxygen were used. 

Signs were de te rmined  by the application of subcell 
theory  (Vand, 1951; Vand  & Bell, 1951). The subcell is 
nearly orthorhombic,  wi th  as parallel to (2p0t56), bs to 
(010) and  cs to (402), having dimensions 

a8 ---- 7"8, b8 ---- 4.95, cs - 2.58 A, fl = 92 °. 

I t  contains 4 CH2 groups, 2 from each of adjacent  molec- 
ular chains, the  space group being P21. The length  of 
as is considerably larger than  tha t  of the  or thorhombie  
cell found in paraffins by Bunn  (1939) and Vainshtein 
& Pinsker  (1950), the  other  dimensions being similar. 

The b-axis project ion has been refined by Fourier  
methods  to yield the electron-densi ty map  shown in 
Fig. 1. At  this stage the  reliability index is 0.25. Hydrogen  
a tom positions have been es t imated by  placing t h e m  at  
points calculated wi th  a C-H distance of 1.10 ~ and  
te t rahedral  angles at the  carbons. Most lie on a set of 
parallel lines, so computa t ion  was reduced by  making  use 
of the  sum of the  series Z c o s  (a+(r--1)f l ) .  I t  has been 
found necessary to use a highly anisotropic t empera ture  
factor, having a value of B = 2 × 10 -16 cm 2. in the  direc- 
t ion of the  chain and 10× 10 -16 cm. 2 perpendicular  to 
this direction, i.e. parallel to Cs and as. 

Wi th  the oxygens related by the screw axis, the  
molecules are l inked by a system of hydrogen  bonds 
parallel to this direction and  of length 2.75 A, forming 
a planar zigzag, the  O - 0 - 0  angle being 130% The C-O 
bond is parallel to the  plane of projection, the  C-O-O 
angle being about  105 °, so tha t  there is dis tor ted tetra-  
hedral  packing around the  oxygen. The system of hydro-  
gen bonds forces the  paraffinic portions of the  molecules 
apar t  in a direction more or less perpendicular  to the  
molecular chains and the  hydrogen bond chains but  does 
not  affect the component  of separation parallel to b to 
any great  extent .  There is thus space for considerable 
freedom of m o v e m e n t  of the carbon chains in the direc- 
t ion of expansion, giving rise to the  large anisotropy in 
the tempera ture  factor. 

The hydrocarbon zigzags are inclined to the  plane of 
project ion at an angle of 55-60 ° , and  there appears to be 
some distort ion near the C-O group. 

Examina t ion  of some distor ted crystals cut from a mass 
solidified from the mel t  indicates tha t  these have a 
different structure. The cell is nearly orthorhombic,  wi th  

a sin fl ---- 7.9, b --- 4-97, c sin fl ---- 73"3 /~. 

I t  has not  been possible to determine fl accurately,  bub 
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Fig. 1. Electron-density projection along the b axis. Contour interval 1 e./~-2; zero contour broken. 
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i t  is about  95 ° . The general dis t r ibut ion of intensi t ies  in 
diffract ion pa t t e rns  from ro ta t ion  about  corresponding 
shor t  axes of the  two forms are d is t inc t ly  different,  
par t icu lar ly  in subcell regions. Though insuff icient ly 
sharp  for accurate measurement ,  there is no doubt  of the 
existence of different structures.  These will be compared 
when  more sat isfactory da ta  on the h igh- tempera ture  
form have been obtained.  
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I n  the  course of an  invest igat ion of artificial graphite ,  
using a three-stage electron microscope (HU-9 type  made  
b y  the Hi tach i  Company Limited),  we found apparen t ly  
circular crystals  (Fig. l(a)) in addi t ion to hexagonal  
crystals  (Fig. l(b)) (Tsuzuku & Komoda,  1955). The 
specimen examined was prepared from carbon black b y  
a heat  t r ea tmen t  a t  about  2500 ° C. A circular crystal  
gives spo t ty  electron-diffraction rings accompanied b y  
ellipses and  diffuse bands (Fig. l(c)), while an  hexagonal  
one produces the ordinary diffraction pa t t e rn  of a graphi te  
monocrystal ,  i.e. an  hexagonal  ne t  pa t t e rn  accompanied 
by  Kikuchi  lines. 

The spo t ty  rings suggest t h a t  the  circular crystal  is a 
s tack of th in  graphi te  layers, each of which is successively 
ro ta ted  about  a common axis in the  c direction (Wilman, 
1950). Moreover, the  ellipses and  diffuse bands  suggest 
t h a t  the  s tack is not  a plane disc bu t  is s l ight ly conical, 
somewhat  like a lotus leaf. The conical form of the crystal  
is proved by  the fact  t ha t  the  folded crystals  do not  show 
perfect semi-circles; for example,  in Fig. l(d) the  two 
radii along the  folded lines make  an angle of about  167 ° 
instead of 180 °. Such a conical crystal  can be formed by  
spiral  mechanism (Frank,  1949) if af ter  mechanical  
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Fig. 2. (a) Deformation into a cone (So: screw dislocation). 

(b) Gliding of a helical stack of conical crystal sheets. 

bucl~llng a th in  layer  of graphi te  overlaps, forming a cone 
(Fig. 2(a)). In  the  specimen shown in Fig. l(d) i t  is easy 

to calculate t h a t  the  angle formed b y  the  overlapping 
is about  26 ° , which also represents the  or ientat ion dif- 
ference between the adjacent  layers in the stack. The 
circular loops observed in Fig. l(a) seem to be the  
growth front,  which is centred by  the  screw dislocation. 

A remarkable  gliding of an apparen t ly  circular crystal  
is reproduced in Fig. l(d). At  first  i t  seems improbable 
t h a t  circular discs glide away  from a helical s tack of 
conical sheets. However,  this  is possible by  the  mechanism 
i l lustrated schematical ly  in Fig. 2(b). According to this  
mechanism, the init ial  screw dislocation is successively 
cancelled in each disc (Dawson & Anderson, 1953) and  
a fair ly sharp fold should be produced a t  the  same t ime. 
I t  is most  s tr iking t h a t  the  fold is general ly observed as 
in Fig. l(e). In  Fig. l ( f )  we can see some split  sheets a t  
the  posit ion indicated by  the  arrow A, which m a y  
suggest t h a t  the  gliding in this  case is not  smooth.  I t  is 
supposed t h a t  the  init ial  screw dislocation is not  cancelled 
in this  case, bu t  is cut  into some shorter  segments th rough 
the collapse of the stack, holding a spiral s t ructure  in 
each cleft sheet. The arrow B indicates a point  of emer- 
gence of such a dislocation segment on a cleavage surface. 

Final ly ,  i t  is remarked t h a t  the  gliding leads to the  
intersection of moving dislocations wi th  the  ini t ial  screw 
axis, which m a y  occur in a ve ry  special manne r  owing 
to the  characterist ic  conical structure.  A detailed descrip- 
t ion of this  mechanism, together  wi th  t h a t  of the  ex- 
per imental  observation,  will be published in the  near  
future in the Journal of the Physical Society of Japan. 

The authors  wish to express sincere tbA.nl~a to Prof.  
Ryoz l  Uyeda,  Prof. A. 0 k a w a  and  Dr  B. Tadano for 
their  k ind guidance and encouragement.  
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