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In  a recent  note, Miyake, Takagi & Fuj imoto  (1960) 
(M.T.F.) have considered the  ext inct ion rule for reflexions 
in symmetr ical  electron-diffraction spot pat terns  and 
have  arrived at conclusions which differ in some respects 
from those contained in a paper  by Cowley & Moodie 
(1959) (C. M.). The apparent  differences have now been 
discussed and resolved by private  correspondence. The 
present  note  is designed to correct any misapprehensions 
arising from the previous publications and present  our 
current  appreciation of the problem. 

First ly it should be made  clear tha t  both  the  M.T.F. 
and C.M. t rea tments  apply to three-dimensional  crystals 
of arbi trary thickness and  can be developed wi thout  any 
short -wavelength approximat ion so long as the repet i t ion 
distance of the crystal latt ice along the  beam direction 
is small enough. 

In  the  M.T.F. t rea tment ,  the  ext inct ion rule for re- 
flexions is derived by  considering the  symmet ry  of the  
electron wave field in relation to the symmet ry  of the  
three-dimensional  space group of the  crystal. I t  was 
shown tha t  some reflexions which are space-group for- 
b idden under  kinematic  diffraction conditions would not,  
in general, have zero intensity.  

In  the  C.M. t r ea tmen t  the  three-dimensional  space- 
group symmet ry  is not  considered explicitly. The crystal 
is divided into a large number  of th in  layers, the  thickness 
of each in the beam direction being the  repet i t ion dis- 
tance for the  crystal lattice in tha t  direction. I t  is then  
assumed tha t  if this repeti t ion distance is small the effect 
on the  electron beam of each layer may  be approximated  
by  the effect of a two-dimensional  project ion of the layer; 
i.e. 

q~(x, y) = I q~(xyz)dz , 

where ~(xyz) is the  potent ia l  distr ibution in the  layer 
and the beam is in the  z-direction. I t  is then  shown tha t  
the symmet ry  of the wave leaving the crystal is the same 
as the symmet ry  of q0(x, y), so tha t  the extinctions in the 
diffraction pat tern  are those corresponding to diffraction 
from the two-dimensional  projection, ~(x, y). 

The assumption in the C.M. t r ea tmen t  tha t  a layer of 
crystal can be approximated  by  a two-dimensional  
projection is, however,  completely valid only if all a toms 
in the layer actually lie in a plane perpendicular  to the 
beam, because for atoms lying at different distances from 
the reference plane the  disturbances of the electron wave 
on the reference plane will be affected by different 
amounts  by Fresnel diffraction effects. The ext inct ion of 
a reflexion is complete only if the atomic peaks in ~(x, y) 
which are related by the corresponding symmet ry  e lement  
of ~(x, y) are identical in both  their  weight  and Fresnel 
diffraction content ,  i.e., if they  are given by the project ion 
of identical a toms which have the same z-coordinate. 
In  other cases the  ext inct ion may  no t  be complete,  
a l though if the  atoms are light and their  z-coordinates 
differ only slightly, the  approximat ion will be so good 

tha t  the  intensi ty of the  reflexion will, in fact, be ex- 
t remely small. 

In  some particular cases, such as t ha t  of the  4-fold 
screw axis t rea ted  in the M.T.F. paper, it happens tha t  
there is no symmet ry  e lement  of the  two-dimensional  
project ion corresponding to the  three-dimensional  sym- 
me t ry  element.  The re levant  extinctions, or incomplete 
extinctions, will then  occur bu t  from the point  of view 
of the  two-dimensional  latt ice symmet ry  they  mus t  be 
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Fig. 1. Projection of the diamond structure along the [011] 
axis. Projections of 4-fold screw axis are indicated by broken 
lines. 

classed as 'accidental ' .  For  example,  Fig. 1 shows the  
appropriate  project ion of the  d iamond structure when  
the  incident  beam is exactly parallel to the  [011] axis. 
The broken lines are the  projections of the 41 screw axis, 
bu t  in the  project ion they  represent  only 2-fold elements  
of gliding reflexion. The ext inct ion of the  200 reflexion 
is, therefore, des t royed as was pointed out by M.T.F.,  
al though, by the  above arguments,  the  actual  200 in- 
tensi ty  may  not  be appreciable. 
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Fig. 2. A possible projection of a system in which a 4-fold 
screw axis acts on two unequal atoms. 

Mr J .  Gjonnes has pointed  out tha t  addit ional  special 
eases may  arise. For  example,  when a four-fold screw axis 
acts s imultaneously on two separate atoms, projections 
such as shown in Fig. 2 may  be obtained. If  we consider 
exp { i~(x ,  y)}, as in the  C.M. t rea tment ,  it  is seen tha t  
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the  A + B  peak has different weight  from the A and  B 
peaks taken  together.  Then  the  'accidental '  ext inct ion of 
the  (200) reflexion is des t royed and the  200 reflexion m a y  
have appreciable intensi ty,  especially if the  a toms con- 
cerned are heavy  so t ha t  the  value of aq~(x, y) becomes 
comparable  wi th  uni ty .  The condit ion for ext inct ion of a 
reflexion in the  diffraction pa t t e rn  from a crystal  is 
therefore given more  exact ly  by specifying tha t  the  
in tensi ty  of the  reflexion given by  the  Fourier  t ransform 
of exp {iaq~(x, y)} should be zero. 

After  taking account  of the  above remarks,  we see tha t  
the  predict ions of the  M.T.F.  and  C.M. t rea tments  are 
in essential agreement  as to which of the  k inemat ic  
ext inct ion condit ions will be re ta ined for the  dynamic  
scat ter ing condit ions under  consideration,  (i.e., when  the  

incident  electron beam is in a principal latt ice direction 
or otherwise when  the  repet i t ion distance in the  beam 
direct ion is small) and  which of these ext inct ion condi- 
t ions will no t  be rigorously mainta ined.  In  the  lat ter  case 
the  C.M. t r e a tmen t  allows some sort of rough est imate 
of the  intensit ies of the  ' incompletely ext inguished'  re- 
flexions to be made,  bu t  for more  quant i ta t ive  est imates 
we mus t  await  detai led calculations for part icular  cases. 
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L'Alizarine cristallise par  subl imat ion sous vide en 
aiguilles de couleur j aune orangd. 

La maille monocl in ique prdsente les caract6ristiques 
suivantes:  

a = 21,04 _+ 0,04, b = 3,75 + 0,01, c = 20,12 + 0 ,04 /~ ,  
fl = 104 ° 30' _+ 10'. 

Volume de la maille = 1540 ~a. 
Nombre  de moldcules par  mail le:  Z = 6. 
Une  pseudosymdtr ie  o r thorhombique  provoque  une  

macle tr6s frdquente des cristaux, qui apparai t  dans au 
moins 95?/o des cas. 

Les rdflexions ont  dtd observdes pour:  

hkl h t ous l e s  ordres,  
hOl si h = 2 n ,  

0k0 si k = 4 .  

Ces lois d 'ex t inc t ion  pourra ient  correspondre au groupe 
spatial  P21/a , mais celui-ci exige quat re  points  homo- 
logues par  maille alors que six moldcules y sent  prdsentes. 
Par  ailleurs, l 'asymdtrie  de la moldcule dlimine rhypo-  [i 
th6se d 'une  posit ion spdciale. Nous avons donc dtd con- ~!.! 
duits k adopter  le groupe spatial  non  centrd Pa, avec 
deux groupes de trois moldcules. L 'ex t inc t ion  des taches 
010 et  030 serait alors accidentelle. 

La faible valeur du  paramet re  b impl iquant  l 'existence 
d 'une  seule couche moldculaire, nous avons abordd en 
premier  lieu l 'dtude des project ions de Pa t te r son  et  de 
densit~ dlectronique x0z. 

Les intensitds des taches hOl n'ont subi aucune cor- 
rection d'absorption, le cristal utilisd dtant petit (0,4 ram.) 
et peu absorbant (p = 9,5 cm. -I pour la radiation utilisde 
Cu Ka). 

Le coefficient de tempdra ture  moyen,  calculd par  la 
mdthode  de Wilson, est dgal ~ 4,9.10 -16 cm s. 

Sur la demi-project ion de Pa t te r son  (Fig. 1) les som- 
mets  voisins de l 'origine f e rmen t  une  figure qui se 
re t rouve affaiblie, mais avec la m6me or ientat ion autour  
de deux pseudo-origines situdes aux points  de coordonndes 
(u=~.a/2,  v--½.c) et  (u=½.al2, v=i.c). Ceci ne  peu t  
s 'expl iquer  que dans l 'hypothbse otk les centres des trois 
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Fig. 1. Projection de Patterson z0x calculde au moyen du 
photosommateur harmonique de G. v. Eller. 

mol6cules se ddduiraient  les uns des autres par des trans- 
lations voisines de (~.a/2, ~.c)  et  (~.a/2, ~.c).  

E n  outre, les six sommets  en touran t  l 'origine indiquent  
rex is tence  d 'un  ensemble de cycles benzdniques inclinds 
d 'envi ron  25 ° autour  d 'un  de leurs diambtres perpendicu- 
laire a 0x. 

Dans nos premiers calculs de facteurs de structure, 
nous  n 'avons  pas t enu  compte  des oxhydriles substituds 
en 1-2. Les centres des noyaux anthraquinoniques  d e n t  la 
formule est figurde ci-dessous furent  placds aux points (0, 0), 
(~.a/2, ~.c), (½.a/2, ~.c) et  leurs grands axes parallble- 
m e n t  k 0w. C'est en effet, parmi  les diverses orientations 
possibles, la seule qui conduise ~ une reconst i tut ion 
thdorique de la project ion de Pa t te rson  ayant  un aspect 
voisin de celle qui fur obtenue & part i r  des donndes ex- 


