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anhydrous  conditions, in the  cold, by passing dry NH S 
gas into water-free chloroacetic acid dissolved in freshly- 
distilled absolute e thyl  alcohol. Form I can be prepared 
from cold aqueous solutions (a rise in tempera ture  leads 
to hydrolysis and  a number  of unwanted  products).  
Form I I  was obta ined only once from cold aqueous 
solution, and we have not  been able to repeat  the  ex- 
periment.  

Form I I  shows a dielectric anomaly  at --150 ° C. The 
dielectric constant  along b is 5 at room temperature ,  and 
reaches a m a x i m u m  of 15 at --150 ° C. Below this tem- 
perature the crystals show spontaneous polarization and 
ferroelectric hysteresis. The coercive field is ~-~ 10 
kV.cm. -~ at --170 ° C. The spontaneous polarization is 
in the neighborhood of 0.1 microcoul .cm.-%'The  ob- 
served hysteresis loops are often unsymmetr ic .  The tran- 
sition is apparent ly  of first order. The symmet ry  of the  
low-temperature phase is apparent ly  C2, the  glide plane 

of the  upper  phase disappearing as does the  mirror plane 
in the case of tr iglycine sulfate and isomorphs (Pepinsky, 
Okaya & Jona,  1957) and in ferroelectric silver glycinate 
(Pepinsky, Eas tman  & Mitsui, 1957). 

The crystal s tructure of the  room-tempera ture  phase 
of Form I I  is under  X-ray examination.  

• We are grateful to Mrs A. Diamond and Mrs D. 
Diamant  for assistance in crystal preparat ion,  and  to 
Mr James  Johns  and Prof. F. Jona  for part icipat ion in 
the  dielectric measurements .  
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A serious difficulty in applying the  electron-diffraction 
me thod  to crystal s tructure analysis arises from the effect 
of pr imary ext inct ion or dynamical  diffraction. Al though 
Pinsker (1949) and  Jamz in  (1949) held tha t  the effect 
is not  significant in practice, Lennander  (1954) and  
Kuwabara  (1957) showed tha t  the  effect is hardly negli- 
gible. Receatly,  Honjo  & Ki tamura  (1957) showed tha t  
the  variat ion of diffraction intensi ty with wavelength is 
in accordan ~e, at  least approximately,  with  the theory of 
pr imary  ext inct ion given by Blackman (1939), and they  
proposed a me thod  to el iminate the  effect by extrapolat-  
ing the observed intensi ty  to zero wavelength.  The 
present  author  proposes another  me thod  to correct the  
pr imary  ext inct ion effect, utilizing Wilson's intensi ty  
statistics (Wilson, 1949) combined with the theory of 
pr imary extinction.  This paper describes briefly the  
method,  with the result  of its application to the structure 
analysis of nickel carbide, l~iaC. 

Electron-diffraction pat terns  of NisC suggest tha t  the  
structure belongs to the space group R-3c. Nickel a toms 
are in 18(e) positions with x = ½ and carbon atoms in 
6(b) positions (Nagakura, 1957). Fig. l(a) shows the  
two-dimensional  Fourier map of the carbide calculated 
by assuming tha t  the observed intensi ty  Iobs. is propor- 
tional to the  square of the  structure ampl i tude  F for 
electrons. The intensi ty  data  were obtained from powder 
pat terns  taken  wi th  40 kV. electrons (wave leng th) ,  = 
0-06 A). While nickel peaks appear in reasonable posi- 
t ions corresponding to a close-packed hexagonal arrange- 
men t  (Jacobson & Westgren, 1933), there is no indica- 
t ion of carbon peaks in spite of the  fact tha t  the scatter- 
ing ampli tude of carbon atoms for electrons is as large 
as one-third of tha t  of nickel atoms. The fact tha t  carbon 
atoms did not  appear on the map is due to the pr imary  
extinct ion effect part icipating strongly in the diffraction 
intensity,  as shown below. 
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Fig. 1. (a) Two-dimensional Fourier map of NiaC synthesized from uncorrected intensity data. The map shows a part of the 
basal-plane projection, corresponding to Jacobson & Westgren's unit cell (Nagakura, 1957). Thb contours are drawn at 
arbitrary intervals. (b) Two-dimensional Fourier map of NiaC synthesized from the final values of the corrected intensity. 
The contours are drawn at intervals of 0.5 V./~ -2. The chain lines indicate zero level and the broken lines negative regions. 
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Wflson's relation, given by  

n 

for X-ray  diffraction, can be wri t ten in the case of elec- 
t ron diffraction in the  form 

K(s,l) = ~ (Z- - I z )~  , (1) 
i = 1  

where n is the  total  number  of a toms in a uni t  cell, 
Z is the atomic number ,  f x  is the  atomic scattering 
ampli tude for X-rays, s--=l/d=2sinO/2, K=(h2/2me2) ~, 
I is the intensi ty and ( ) means the  local average in 
the  reciprocal lattice. 

When  the pr imary  extinct ion occurs, K(s4I) becomes 
smaller than  

i = 1  
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Fig. 2. Local averages of the intensity of NiaC. Open circles 

are  the plots of the local averages (S4Iobs.). Other plots 
are  the local averages (S4Icor.): crosses correspond to 

= 190 A, filled circles to ~ = 240 A and squares to 
= 285 A. The local averages for ~ = 240 A show the 

best fit with the curve. 

I n  Fig. 2, the  values of (s4Iobs.) for NiaC are compared 
wi th  the  curve 

i = 1  

t hey  are normalized with the  curve a t  the  outermost  
s-range. The local averages for the  lower angles deviate  
downward  from the curve. This deviation is evident ly  
duo to pr~nary extinction, since the lower the scattering 
angle the  greater  the  effect, on the  average, on account 
of the  rapid increase of the  scattering ampl i tude wi th  
decreasing scattering angle. 

According to the theory  of the  pr imary ext inct ion 
effect, the intensi ty  is wri t ten as 

1 = f (x)12" l"  • (2) 

T h e  funct ionf(x)  for the  Lane case of electron diffraction 
is given by 

o o  

f(x) = 2: J~n+l (2x)/x, (3) 
n ~ 0  

x = ~ f 2 " l l v ,  (4) 

where J2n+x is the  Bessel function of odd order, ~ is the  
effective thickness of crystallites, and v is the  unit-cell 
volume. 

Though the  values of 2' are not  given beforehand, its 
approximate  values can be determined when an ap- 
proximate  structure of the crystal is known:  for example,  
when the  positions of heavy atoms are given. ~ can be 
considered to be approximately  equal to the particle size 
de termined by the  line-breadth. Using the  values of f(x) 
calculated from these approximate  values of 2" and ~, 
lobs. can be corrected to Icor., which can be used to deduce 
the  structure to a higher approximation.  

The value of ~ can also be corrected by using the 
intensi ty  statistics: we calculate Icor. for several values 
of ~ and choose the value which makes the local averages 
fit the curve 

.~ (z-Yx)~ 
i = l  

most  closely (Fig. 2). The observed intensities are cor- 
rected successively by repeating the  ref inements  of 2" 
and ~. 

The Fourier map for NiaC , synthesized from the final 
values of.Icor, is shown in Fig. l(b), where the  carbon 
peaks appear clearly. In  this example, the  final result 
was obtained after a few steps of refinement.  The initial 
value of ~ was 290 A a n d t h e  final value was 240/~. 
This map  coincides very well wi th  the structure already 
proposed. 

The meri t  of the detect ion of the  pr imary  ext inct ion 
effect by  intensi ty  statistics is tha t  it can be performed 
wi thout  any knowledge of the  crystal structure. When  
no knowledge of the  structure is given at  first, Vlobs. 
may  be used as the initial value of 2' to calculate f(x) 
for the correction of the  pr imary  extinction effect, pro- 
vided tha t  Iobs. is known in absolute units. The me thod  
described above can be applied also in X-ray diffraction. 

In  conclusion, the author  wishes to express his hear ty  
thanks  to Professors S. Miyake, G. Honjo  and S. Oketani  
for their  valuable discussions and helpful advice. 
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