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Sulphur can replace oxygen in the or thophosphate  anion 
PO~- to form the  phosphorothioate  anions PS0a a-, PS20~-, 
PS303- and PS3a -. The series of phosphorothioates can 
be obtained as sodium salts, the crystals of which are all 
hydra ted  and generally hygroscopic (Glatzel, 1905; 
Klement ,  1947; Neogi & Ghosh, 1929; Wurtz,  1847). 

Wi th  the exceptions of the structural  investigation of 
cuprous phosphorotet ra thioate  Cu3PS a (Ferrari & Cavalca, 
1948) and the determinat ion of the space group and unit  
cell data  on potassium OO-diethyl phosphorothioate  
(C~HsO)~POSK (Rollet, 1954), published crystallographic 
data  on phosphorothioates are lacking, and so unit-cell 
and space-group data  have been obtained for the sodium 
salts shown in Table 1. 

Cell dimensions were measured from rotat ion photo- 
graphs and space-group absences were determined from 
zero- and first-layer Weissenberg photographs taken  
about  the principal axes. 

Goniometrie measurements  are recorded for t r isodium 
phosphorothioate  only (de la Provostaye,  1847); these 
are in agreement  wi th  the  X-ray measurements  when 
c/a (X-ray)----4e/a (goniometrie), taking the hexagonal 
uni t  cell as basis. 

The space-group possibilities for tr isodium phosphoro- 
thioate  require the  anion to have at least three-fold sym- 
metry .  In  the  remaining salts special symmet ry  is not  
imposed by space-group considerations. 

Compound System 

Trisodium 
phosphorothioate, 
NaaPSO a . 12 H20 Rhombohedral 
Trisodium 
phosphorodithioate, 
NaaPS20 ~ . 11 H20 Orthorhombic 
Trisodium 
phosphorotrithioate, 
Na~PS30.11 H20 Orthorhombic 
Trisodium 
phosphorotetrathioate, 
Na3PS 4. 8 H20 I lYlonoclinic 
Na3PS 4. 8 H20 II  Monoclinic 

X-ray powder photographs of t r isodium phosphoro- 
di thioate and tr isodium phosphorotr i thioate  confirm the 
isomorphism suggested by the similarities in their  m~it- 
cell constants. Mixed-crystal formation is known to occur 
between these two salts (Klement,  1947), and the  low 
value observed for the densi ty of t r isodium phosphoro- 
t r i thioate may  thus be accounted for, but  the crystals 
of tr isodium phosphorotr i thioate  are poorly formed and 
have a powdery texture.  

Crystals of form I of tr isodium phosphorote t ra thioate  
appear to be always twinned;  for this reason more 
accurate measurements  of [a] and fl were not  possible. 
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Table 1. Crystallographic data 
Density 
(g.cm. -a) 

Space group a (/i) b (/~) c (h) Obs. Calc. Z 

R3m or R32 or R3m 12.58 - -  - -  a = 42"3 ° 1.58 1.61 2 

Pnma or Pn21a 12.51 13"94 9.48 - -  1-58 1.58 4 

Pnma or Pn21a 12.60 14.02 9.33 - -  1.60 1-65 4 

P21/c 14.7 7.09 14.15 fl---- 92 ° 1.67 1.68 4 
P21/a 13.62 12.83 8.69 fl--- 104.0 ° 1 -67  1.68 4 
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Ammonium monoehloroacetate  is dimorphous at room 
temperature.  Form I is orthorhombic,  space group 

* Research supported by Contract No. AF 18(603)-35 with 
U.S. Air Force Office of Scientific Research, and No. DA 
36-039-SC-63233 with the U.S. Army Signal Corps Engineering 
Laboratories. 

May ] 957) 

P212121, wi th  a =  5.71, b = 7.31, c =  12.08 /~, ~o 
1.460 g.cm. -a, and 4 molecules per cell. Form I I  is 
monoclinic, space group C2/e, with a ----- 8-42, b = 11-63, 
c -~ 9.82 ~,  D--  110°, ~o ~ 1"5585 g .cm.-a, and 8 mole- 
cules per cell. Both  forms appear in the  same crystal- 
lization, often, when the compound is prepared under  
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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. 


