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21-operation, whereas the  reflexion (200), for which the  
s tructure ampl i tude  vanishes in relation wi th  the  41- 
operation, is not  forbidden. 

The present  result, further, can be applied also to the  
symmetr ica l  spot pa t te rn  given by the  incident  beam 
parallel to a zone axis which is not  the principal axis. 
Fig. 2 shows the  spot pa t te rn  obtained from a crystal of 
d iamond- type  structure wi th  the  incident  beam parallel 
to [011]-axis. In  this pat tern,  the  reflexion (200), for 
which the structure ampl i tude  vanishes by the presence of 
the  screw axis 41 perpendicular  to [011J, is not  forbidden 
by the same reason as considered above. The reflexion 
(222) is also not  forbidden because the  ext inct ion of the 
s tructure ampl i tude of it is due to the  special positions 
of a toms and is not  directly related to the  symmet ry  
operations. 

An easy unders tanding  of the  above results m a y  be 
obtained in the  following way. The appearance of for- 

b idden reflexions is caused by  the  dynamical  double 
reflexions, and  the  ampl i tude of doubly reflected wave  
on the  ne t  planes (hkl) and (h'kT) may  be regarded as 
proport ional  to Vhkz. Vh'k'~" at  least approximately.  In  
the  example of Fig. 1 we have the relations Vhk0 = 
--Vhz0 (h: odd) and V/j¢o= V~;-ko (h: even), assuming the  
coordinate origin on the  4~-axis parallel to the  x-axis. 
Then, the  double reflexions can not  contr ibute  to (100) 
because the  products  Vhk0. V~-h, ~, 0 and VhT~0. V~-h, ~, 0 
have always the opposite sign of one another,  while (200) 
may  appear  because Vhk0. V2-h, ~, 0 and  VhTc0. V2-h, k, 0 
have  the  same sign. The similar a rgument  can be applied 
to explain the  appearance of (200) in Fig. 2. 
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Introduct ion  

X-ray diffraction studies of klockmarmite  were begun by 
Earley (1949) who observed strong X-ray reflexions 
consistent wi th  a hexagonal  uni t  cell of dimensions 
a =3.94 A, c--17.25 /~, and containing six CuSe units. 
I ts  similarity wi th  covellite (CuS) suggested tha t  the  
compounds were isostructural and Berry (1954) gave a 
possible solution which resembled tha t  for covellite, bu t  
the  agreement  be tween the  observed and calculated 
reflexions was ra ther  unsatisfactory. Earley and Berry 
both  no ted  the occurrence of 'superlatt ice '  reflexions 
corresponding to a much  larger cell but  did not  investigate 
t hem further. Dr Gabrielle Donnay  suggested tha t  the  
extra  reflexions migh t  be invest igated by optical-trans- 
form methods .  She supplied us wi th  photographs taken  
with Cu K s  radiat ion using synthet ic  crystals in the  form 
of thin hexagonal  plates prepared by Dr G. Kullerud of 
the  Geophysical Laboratory,  Washington D.C. The com- 
plete s tructure has not  been determined,  bu t  in view of 
the  current  interest  in the  twinning phenomena  which 
occur in various minerals (e.g. Dormay, Donnay  & 
Kullerud,  1958) it was thought  tha t  a short  note  on the 
progress made  so far would be wor th  publishing. 

T h e  p r o b l e m  

Fig. 1 is a representat ion of the  h/c0 section of the weighted 
reciprocal latt ice; there are no indications of any mul- 
t iplication of the c axis and for all the  three lattices 
discussed later the  c dimension remains 17-25 /~. The 
very strong reflexions (indicated conventional ly by  en- 
circled discs) correspond to the cell of side a = 3 . 9 4  J~ 
which will be referred to as the  sub-cell. The addit ional  
reflexions lie on a hexagonal  reciprocal ne t  which corre- 
sponds in real space to a cell of side 13 x asub = 51.2 /~. 
This would contain 1,014 CuSe units, and, at  the be- 
ginning of the present  investigation, was taken  to be the  

true cell of the structure.  Dr Donnay  observed tha t  the  
extra  reflexions also lay on circles surrounding the strong 
reflexions (see Fig. 1). I t  was from this point  tha t  the 
optical-transform investigation began. Details of the steps 

i 

Fig. 1. Part of the h/c0 section of the weighted reciprocal 
lattice; a* and a*/13 nets indicated. The encircled reflexions 
are very intense compared with the others. 

in the  solution will be published when the  complete  
s tructure has been worked out, and only a brief outline 
will be given here. 

Method  of approach  

The complete weighted reciprocal-lattice section was 
t rea ted  as the  product  of three functions. The first is a 
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la t t ice  funct ion defining the points  of the fine reciprocal 
la t t ice  corresponding to the  super-cell. The second is a 
funct ion,  zero everywhere  except  a round the circles 
d r a w n  in Fig. 1, account ing for the  large number  of 
reflexions, possible in terms of the first function,  which 
are in fact  absent .  The th i rd  is a modula t ion  funct ion 
which  would account  for the variat ions in intensi ty  of 
the  ex t ra  reflexions. Since the  complete  weighted re- 
ciprocal-lat t ice section is the  product  of these three  
functions,  the  s t ruc ture  in real space m a y  be regarded as 
the  convolut ion of the separate  t ransforms of these three 
funct ions (Lipson & Taylor,  1958). The three functions 
m a y  therefore be t rea ted  separately.  The th i rd  funct ion 
w]]ich corresponds to the  detai led struettLre has no t  ye t  
been  elucidated.  The second funct ion seemed most  likely 
to yield useful informat ion and  when  a solution for it 
was found it led to the twinning hypothesis  discussed 
below. This approach through the convolut ion principle 
is par t icular ly  useful because in invest igat ing the second 
funct ion it is no t  necessary to know wha t  kind of dif- 
ferences are likely to occttr be tween the small pseudo 
cells. 

P r e l i m i n a r y  resul ts  

Fig. 2 shows tha t  all the reciprocal latt ice points at  which 
weak reflexions occur lie at  the nodes of one or the other  
of two hexagonal  nets  which have  sides 1/V13 times tha t  
of the  reciprocal cell defined by the strong reflexions, 
and  t ha t  these two nets  are re la ted by a mirror  plane 
parallel to (1120). W h e n  t ransformed to real space this 
new cell has side V13asub and the two new lattices appear  
to correspond to the two individuals of a twin. 
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Fig. 2. As Fig. 1 with two a*/~/13 nets indicated instead of 
a* and a*/I3 nets. 

Table 1. D i m e n s i o n s  of  hexagonal  cells i n  lclockmannite 

Sub-cell a 3.954/~ a* 0-2920 /l~-1 
True cell ]/13a 14.26 a*lVl3 0.0810 
Super-cell 13a 51.40 a*/13 0.0225 

For all the cells c=  17.25 ~l. 
a-Dimension from Donnay (1954-55). 

Fig. 3 shows the  relat ionship be tween  this new ce l l - -  
now called the t rue  ce l l - - and  the sub and super cells 
a l ready described; Table 1 gives the  real and reciprocal 
dimensions for all three.  The sub and super lattices are 
cont inuous for both  individuals  of the twin. The interest- 
ing points to note are tha t  all three lattices are hexagonal ,  
and tha t  the geometrical  relat ionship of the sub-cell to 
the t rue cell is exact ly  the same as tha t  of the t rue  cell to 
the super-cell. 
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Fig. 3. 001 projection showing the relationship between the 
twinned true cells (Vl 3a), the sub-cell (a) and the super-cell 
(13a, indicated by the boldest lines). 

The twinning is of the type  described as ' twinning by  
ret icular  merohedry '  (Friedel, 1926; Cahn, 1954; Donnay  
& Donnay,  1959). The twin obliquity is 0, the twin law 
is (1120) wi th  respect to the super-cell, and the twin index 
13. 

P r o b l e m s  r e m a i n i n g  

The t rue  cell contains 78 CuSe units  and a high propor t ion 
of these atoms probably  lie close to the sites proposed 
by Berry.  Work  is now proceeding on the  details of this 
s t ructure .  

The original problem, tha t  of placing 2,028 atoms,  
seemed at  first sight to be almost  impossible; the twinning  
hypothesis  makes  the  problem much  more  straight-  
forward,  bu t  there  m a y  still be considerable difficulties 
in arr iving at  a complete  solution. 

We are grateful  to Prof. and Mrs Donnay  for suggesting 
this problem and for their  cont inued interest  and  as- 
sistance. 
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