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Since the previous shor t  communica t ion  (Ogawa & 
Watanabe ,  1952) we have  obta ined  the  electron-diffrac- 
t ion pa t t e rn  shown in Fig.  l(a) f rom a well or ienta ted  
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Fig. 1. (a) The electron-diffraction pattern of the orientated 

CuAu I I  film quenched at 380 ° C. Crosses consisting of 
four spots are sharp and distinct, accompanied by satellites. 
These are visible also around the normal spots, especially 
clearly around the direct spot. (b) The explanation of the 
photograph shown in (a). 

al loy film of CuAu I I  conta in ing 50 atomic % gold, 
quenched a t  380 ° C. I n  this  pa t t e rn  sharp crosses con- 
sist ing of four spots appear  a t  some of the posit ions of 
superlat t ice  reflexion, being accompanied b y  subsidiary  
max ima ,  and  regular ly  spaced satell i tes occur a round the 
posit ions of normal  reflexion, especially conspicuously 
a round  the  direct  spot.  The  former phenomenon arises 
from the  manne r  of ordering of the al loy and  can be 
clearly in te rpre ted  b y  the  or thorhombic  s t ructure  of 
CuAu I I  in which an t iphase  domains 5u th ick  are lined 
up in the direct ion of one of the u axes in the  te t ragonal  
lat t ice,  as concluded b y  Johansson  & Linde (1936). The 
la t te r  phenomenon,  which was first  found in this  ex- 
per iment ,  means,  on the  other  hand,  t h a t  an  actual  defect 
exists periodical ly in the  crys ta l  latt ice.  

A t  each bounda ry  between ant iphase  domains in CuAu 
I I  the  d is t r ibut ion  of gold and  copper a toms is asymme-  
tr ical  (Fig. 2). Owing to this  and  the  t e t ragona l i ty  
(c/a ~ 0.92), a repulsive force is considered to ac t  be- 
tween the  two neighbour ing planes _4 and  E.  Thus  an  
elongat ion 6 .u  of the distance 24B m a y  arise. The Laue 
funct ion  for a la t t ice such t h a t  'out-of-step'  occurs a t  
each dis tance M u  along the  x direction, and  t h a t  the  
to ta l  ex ten t  of the la t t ice in th is  direction is N M a,  is 

sin zcMAz . sin :tN { (M + ~5)Az-- ~ (A~ + 24t)} 
C~ = (Tz.G s ---- sin :tAx sin n{(M+~5)Ax--½(A~+24,)} ' 

where Az, A t, and  24z are cont inuous  variables  in the  
reciprocal la t t ice corresponding to the  te t ragonal  lat t ice 
and  where M is 5 in the present  case, if the  par ts  in the  
funct ion,  independent  of the  existence of 'out-of-step' ,  
are neglected. I f  N is far  greater  t han  M,  the  posi t ions 
of m a x i m a  o f  G are de termined by  those of Gt, and  t, hiR 
funct ion corresponds to the  la t t ice which behaves as if 
i t  has  an  e longated lat t ice cons tan t  a( l+~/M)  in the  x 
direction. For  this  reason ~ can be determined from the  
p a t t e r n  of electron diffract ion and  more precisely from 
t h a t  of X - r a y  diffract ion;  from the  da t a  which Johansson  
& L ind•  have  a l ready  reported 6 is es t imated  to be 0-015. 
At  the  posit ions of normal  reflexion the  funct ion G# 
becomes 

sin ~ N ( M  +~5)Az 
sin :t(M + ~5)Ax ' 

which has  i ts  m a x i m a  a t  24z---- (Mh+n)/(M+~5), where 
h and  n are integers and  Inl < M.  In tens i t ies  of satelli tes 
a round  normal  spots can be deduced from values of the  
funct ion  Oz, 

sin ~(h +n/M)~ 
sin ~n /M ' 

and  the  crys ta l  s t ruc ture  factor.  Around  the direct  spot  
the i r  s t rong intensi t ies  can be qua l i ta t ive ly  explained by  
the  fact  t h a t  the  a tomic sca t ter ing  factor  for electrons 
becomes abnormal ly  large in the range of ve ry  small 
sin 0/~t (this value  is 0.026 a t  a posi t ion of the  first  
satell i te a round  the  direct  spot) owing to the ionized 
s ta te  of gold and  copper a toms,  character is t ic  of the alloy. 
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Fig. 2. The ordered structure of CuAu containing antiphase domains in the x direction. 

Around  the other  normal  spots, however, the  calculated 
in tens i t ies  for satelli tes are far smaller t han  those ac tua l ly  
observed. For  this  and  other  reasons we consider satelli tes 
ac tua l ly  observed around the normal  spots to be the mere 
repet i t ion of those around the direct spot, i.e. the  secon- 
d a r y  elastic scat ter ing effect occurs in our film (owing 
to  the  small  angle of Bragg reflexion in electron diffrac- 
t ion  and  to the mosaic s t ructure  in an  evapora ted  film) 
as  Cowley, Rees & Spink (1951) observed in films of long- 
cha in  paraffins.  

Thus,  the  satelli tes around the direct  spot and  the 
other  normal  spots can be explained b y  the existence of 
the  elongation 8. a a t  each boundary  between ant iphase  
domains  and  b y  the characterist ics of electron diffraction. 
I t  is exceedingly difficult to observe these satellites b y  

means of X-rays,  owing to their  depressed intensit ies,  
and  the inherent  lat t ice defect in CuAu I I  has  therefore 
been h i ther to  overlooked. 

A report  in detail  will appear  in the  Journal of the 
Physical Society of Japan. We wish to express our sincere 
t h a n k s  to Dr  G. Honjo  for his k ind  discussions. 
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The  molecular  formula of f luoranthene,  first  given as 
C15H10 b y  F i t t ig  & Gebhard (1877), was la ter  established 
unambiguous ly  by  Braun  & A n t o n  (1929) as C16Hz0. 
Groth  (1906-19) gave the following da ta  for the mono- 
clinic crystals :  

a : b : c  = 1.495:1:1-025, fl -- 97 ° 10 ' .  

Single crystals  obtained from a concentra ted solution 
in  e thanol  have been studied b y  the author.  

Goniometric s tudy  as well as ro ta t ion  photographs  
a b o u t  different axes gave a different c direction as fun- 
damental ,  and  the following values of the  axial  lengths 
and axial angle were obtained: 

a = 18.46, b = 6.205, c = 22.11/~, fl = 121 ° 45', 

whence  a:b:c = 2 . 9 7 5 : 1  : 3 . 5 6 3 .  

The dens i ty  was found b y  the f lotat ion me thod  to be 
1.238+0-01 g.cm. -s, whence the  number  of formula 
weights  CzeHt0 per  un i t  cell is 8. Over-exposed zero-level 
Weissenberg photographs  were t aken  about  the  b and  a 
axes  b y  the  normal-beam method,  giving (hOl) and  (0bl) 
reflexions respectively.  Firs t-  and  second-level Weissen- 
berg pictures about  the b axis were also t aken  by  the 

equi-inclination method,  giving (hl/) and  (h2/) reflexions 
respectively.  The indexing of the  spots showed the 
following conditions of ext inct ions:  

hkl: no sys temat ic  ext inct ions;  
hOl: present  only when  1 = 2n; 
0k0: present  only when  k ---- 2n. 

Thus  the space group is P21/c and  two molecules of 
f luoranthene form one asymmetr ic  un i t  in the  un i t  cell 
of the  crystal .  

The au thor  is grateful  to Prof, K,  Baner jee  and  Dr  
A. Bose for their  k ind  interest  and  guidance th roughou t  
the progress of the work. 
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