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Matthias  & Remeika  (1956) discovered t h a t  a m m o n i u m  
sulfate becomes ferroelectric below --49.5 ° C. I t  was 
subsequent ly  found in this  labora tory  tha t  a m m o n i u m  
fluoberyl late  also becomes ferroelectric, below --97 ° C. 
(Pepinsky & Jona ,  1957). The fact  t h a t  (NH4)~BeF 4 a t  
room tempera tu re  was repor ted ly  isomorphous wi th  
(NI-[4)~SO 4 (Mukherjee, 1944; Wyckoff ,  1951), and  t ha t  
we were interes ted in f inding a ferroelectric containing 
no oxygen, led us to look for the  f luoberyllate t ransi t ion.  

I t  is r a the r  surprising to discover, therefore,  in a re- 
examina t ion  of these two compounds,  t ha t  there  are 
sometimes differences in the  room- tempera ture  sym- 
metries,  and  t ha t  the  polar axes in the  ferroelectric phases 
are not  in the  same direct ions-- i .e . ,  the  low-tempera ture  
phases are surely not  isomorphous.  

Some confusion arises in the  l i te ra ture  of these K~SO4- 
type  crystals owing to var ia t ions  in axial nota t ion.  The 
room- tempera tu re  s t ructures  are or thorhombic ,  and  the  
axial designation should follow the  convent ion c < a < b 
(Donnay & Nowacki ,  1954). Groth (1908) uses a < c < b, 
and  Wyckoff  (1951) uses c < b < a. We shall here use 
the  proper  crystal lographic convent ion for the  axial  
lengths of the  basic cells at  room tempera ture .  

The basic cell dimensions for (NH4)2BeF 4, a t  room 
tempera ture ,  are 

a = 7.49, b ---- 10.39, c = 5.89 /~ (Mukherjee, 1944) . 

The basic space group, wi th  this  axial  designation, is 
Pnam. This follows from space-group extinct ions and  
the  absence of piezo- and  pyroelectr ic i ty .  

We use the t e rm 'basic' cell because our re-examinat ion 
of the  (NH4)2BeF 4 s t ruc ture  reveals supers t ructur ing,  
wi th  the t rue  room- tempera tu re  cell having the  b and  c 
dimensions doubled.  This supers t ruc tur ing  does no t  
obta in  for all crystals of the  K9SO4 type ;  and  in order 
to emphasize the  pseudo-isomorphism of these,  we 
ma in ta in  the  same axial designation for the basic cells 
of the  entire family.  

The s y m m e t r y  of the  t rue  (superstructured) cell of 
(NH4)2BeF4 at  room tempera tu re  is Acam or Aca2; and  
we select the  former because of the  absence of piezo- 
and  pyroelectr ie i ty .  I n  addi t ion  to the weak  superstruc- 
ture  lines, s tacking disorder is revealed in the  b direction. 

(NH4)~SO 4 at  room tempera tu re  sometimes shows a 
supers t ructure  and  sometimes does not .  The axial lengths 
for the  basic cell are 

a ---- 7.729, b = 10.560, c -- 5.951 /~ (Wyckoff, 1951), 

if we follow the convent ion c < a < b. 
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The ferroelectric phases of these two crystals are 
significantly different.  

Below its Curie point ,  (NI:I4)~BeF 4 has its a d imension 
doubled.  The basic ferroelectric cell has 

and  the  s y m m e t r y  is Pn21a. The t rue  ferroelectric cell 
has a supers t ructure ,  and  

a/~_ 2a, b / ~  2b, c/~_ 2c. 

Dielectric measurements  confirm b as the  polar (ferro- 
electric) axis. 

(NH4)~SO 4 shows no changes in axial  lengths or 
systemat ic  absences in passing to its ferroelectric phase. 
The mirror  s y m m e t r y  of the  room- tempera tu re  s t ruc ture  
is lost, and  the  space group becomes Pna21. The estab- 
l ishment  of c as the  polar direct ion is confirmed by 
dielectric measurements .  Thus the  direct ion of the  ferro- 
electric axis in (:NHa)2SO 4 is a t  90 ° to tha t  in (NH4)2BeF4. 

Complete X- ray  and  neu t ron  studies of the  upper  and  
lower phases of bo th  crystals are in progress, and  know- 
ledge of the  mechanisms  of the t ransi t ions mus t  awai t  
complet ion of these. Dielectric and  the rmal  studies of 
the t ransi t ions are repor ted  elsewhere (Hoshino, Vedam,  
0 k a y a  & Pepinsky,  1958). 

X - r a y  and  the rmal  measurements  have  been made  on 
a number  of other  crystals of the  K2SO 4 type,  and  on 
various mixed  crystals in this  class. I t  has been found, 
for example,  t ha t  supers t ructure  m a x i m a  appear  in 
(NH4)2(BeF4, SO4) a t  room tempera ture ,  and  these 
resemble m a x i m a  in a fibre diagram. X- ray  pa t te rns  of 
(NH 4, Rb)~SO 4 reveal  disorder in the  (001) plane. We 
have observed new transi t ions and  other  anomalous  
propert ies  in a ve ry  large number  of simple, double and  
mixed  anhydrous  sulfates, selenates, f luoberyllates,  
chromates ,  etc. and  these are present ly  under  examina-  
tion. 
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