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condensa t i on  of a large a m o u n t  of d a t a  in to  a c o m p a c t  
a r r a n g e m e n t .  The  usua l  gon iomete r  arcs c a n n o t  be 
m o v e d  more  t h a n  20 ° f rom zero a n d  therefore  t he  
ex t ens ion  of t h e  cha r t  b e y o n d  y = 20 ° is no t  jus t i f ied .  

The  a u t h o r  wishes  to  express  his g r a t i t u d e  to  D r  
L. S. R a m s d e l l  for his  i n t e re s t  a n d  he lpfu l  sugges t ions  
t h r o u g h o u t  t h e  inves t iga t ion .  This  research  was  sup-  
p o r t e d  b y  t h e  Office of N a v a l  Research .  
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An unusual  double reflection in a-phenazine .  B y  F. L. HIRSHFELD, Weizmann Institute of Science, Re- 

hovoth, Israel (Received 6 August 1954) 

Dur ing  the  invest igat ion of the crys ta l  s t ructure  of 
~-phenazine (Herbstein & Schraidt,  1955a, b), an ex t ra  
spot was observed, corresponding in position to the for- 
bidden 500 reflection, on all hO1, bu t  not  hkO, Weissenberg 
photographs,  wi th  bo th  Cu and  Me K s  radiat ion,  and  
both  a t  room tempera ture  and  in boiling nitrogen. This 
spot, whose shape and in tens i ty  varied for different 
crystals  and even on different photographs  of the same 
crystal ,  remained unexpla ined unt i l  i t  was realized t h a t  in 
normal-beam pho tography  about  [010] the reciprocal- 
lat t ice points  210 and 310, as well as 2 i0  and 310, cut  
the  sphere of reflection almost  s imultaneously wi th  500, 
this  coincidence result ing from the axial  ratio b*/a*=6½ 
and  being v i r tua l ly  independent  of wavelength.  Since 
210 and  310 are, respectively,  the fourth  and second 
strongest  reflections recorded, wi th  observed s t ructure  
factors of 40.1 and 46-0 a t  room temperature ,  the  con- 
dit ions are highly  favorable for the appearance of a 
sizable double reflection in the 500 position. W h a t  is 
par t icular ly  unusual  in this  s i tuat ion is the  fivefold 
coincidence t h a t  permits  four dis t inct  kinds of double 
reflection to arise at  the  same time, these being (210 + 3i0), 
(2 i0+310) ,  (310+2i0) ,  and (3 i0+210) .  

I t  migh t  be expected t h a t  since, in space group P21/a, 
the  210 and 210 s t ructure  factors have  opposite signs 
while 310 and  3i0  have the same sign, rays  reflected from 
210 and  3i0,  in whichever  sequence these reflections 
occur, should be opposite in phase to those reflected from 
2 i0  and  310, wi th  consequent  destruct ive interference 
between the two pairs of twice-reflected beams. T h a t  
such destruct ive interference, if i t  occurs a t  all, is far from 
complete seems to confirm the conclusion of Lipscomb 
(1949) t h a t  interference effects of this sort would ordinari ly 
be unobservable because of the convergence of the X- ray  
beam and the mosaic character  of the crystal .  Indeed,  
the occurrence of the 500 spot in a-phenazine is even 
more conclusive in this  regard than  is the failure of such 
experiments  as those of Fankuchen  and of Lipscomb to 
use the interference between single and double reflections 
for determining phase relat ionships among the s t ructure  
factors. For  in such experiments ,  even if the crystal  were 

perfect,  the  conditions for single reflection would be 
satisfied, for a given crystal  orientat ion,  by  a wide range 
of directions of the  incident  radiat ion,  whereas only a 
minute  fract ion of the  incident  beam would arrive in 
precisely the proper direction for double reflection. Under  
these conditions the  effects of interference would probably  
be imperceptible.  In  the phenomenon described here, on 
the  other  hand,  if the crys ta l  were perfect  then the same 
port ion of the incident  beam would produce simul- 
taneously  two coherent  double reflections opposite in 
phase, and  interference between them would be complete.  
For  if, a t  a par t icular  ins tant ,  the  po in t s  500 and  210 lie 
on the sphere of reflection corresponding to a par t icular  
ray  of incident  radiat ion,  then  the point  310 mus t  
s imultaneously lie on the same sphere of reflection, th is  
being a necessary consequence of the or thogonal i ty  of the  
a* and b* axes. Thus whenever  the crystal  is so oriented 
as to produce the double reflection (210+3i0) ,  it mus t  
s imultaneously produce (310 + 2i0) wi th  equal ampl i tude  
and opposite phase. The appearance of 500 must ,  there- 
fore, be due to the mosaic spread of the crystal ,  which 
permits,  for example,  the 210 reflection from one crystal  
block to be subsequent ly  reflected by  the 310 planes of a 
second crystal  block even though no double reflection is 
possible in ei ther  of these individual  blocks. If  a s imilar  
exper iment  could  be set up wi th  a near ly  perfect crystal  
some degree of destruct ive interference might  be detect- 
able. Such an  exper iment  could be of value in tes t ing the  
feasibi l i ty of interference methods  in general for the 
determinat ion of the relat ive phases of s t ructure  factors. 

The au thor  is grateful  for a very  helpful discussion of 
this  subject  wi th  Prof. I. Fankuchen .  
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