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The final b-axis Fourier  projection is shown in Fig. 1, 
and  a diagram of the s t ructure  in Fig. 2. The y parameters  
are somewhat  less accurate t han  the x and z parameters ,  
as is shown b y  the values of the rel iabi l i ty factor 
R-~ZIIFo[--[Fc]I--Z, IFo] for the different zones: Rh0~---- 
0.25, R0k~0-33,  Rhk0=0.42. The value of Rhkl found 
for some 200 refle.xions ly ing between sin 0=0 .15  and 
0-80 is 0-33. The probable error of the ktomic positions 
is considered to be of the order of ±0 .08  A. 

The molecule is found to have  the same general shape 
as in the NaBr  compound, except  t ha t  the  OH group of 
the furanose residue a t t ached  to C~' is differently 
oriented. The packing of the molecules in the  crystal  
appears to be governed by  hydrogen-bond format ion 
between the hydroxy l  groups ma in ly  of the furanose 
residues. The contacts  between the glucose residues are 
more of the van  der Waals  type,  and this  results in a 

weakness of the s t ructure across the  planes x=½.  To 
this  the cleavage of the crystal  mus t  be a t t r ibuted .  The 
cleavage plane is clearly visible in Fig. 2. The hydrogen  
bonding,  as judged b y  distances of approach,  is not  as 
complete as migh t  have been expected;  there are how- 
ever several O-O contacts  only somewhat  greater  t h a n  
3.2 A, and  i t  is possible t h a t  fur ther  ref inement  wi th  
much  bet ter  in tens i ty  da ta  might  clarify the si tuat ion.  
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The conclusion t h a t  the space group of NaNbO 3 is non- 
polar (Vonsden, 1951) has been quest ioned (Pepinsky,  
1952) on two grounds:  (a) t h a t  twinning or ambiguit ies 
of indexing make  the evidence on the space group in- 
conclusive; and (b) t ha t  i t  is difficult to reconcile a non- 
polar s t ructure  wi th  the observed ferroelectric properties, 
namely  dielectric hysteresis  (Matthias, 1949) and  orienta- 
t ion of crystal  axes by  an  external  field (Vousden, 1951). 
This note  is in reply to these criticisms. 

Twinning in NaNbO a is easily detected by  the polarizing 
microscope (except in crystal  elongated along b which 
were not  used). Observations of this  k ind  showed t h a t  
the  crystal  chosen for ro ta t ion  about  b was untwinned,  
while t h a t  chosen for ro ta t ion  about  a had  only two 
components,  one of which was very  small  and gave re- 
flexions lying on different layer  lines from those of the 
main  component.  

The space group was determined from 5 ° oscillation 
photographs.  These were used in preference to Weissen- 
berg photographs  for the detect ion of possible weak 
reflexions because of their  lower background in tens i ty  
and shorter  exposure time. The smallness of the oscillation 
ensured i h a t  the indexing was unambiguous.  Since the 
reflexions were fully resolved and the indexing un- 
ambiguous, the  only question remaining about  the space 
group is whether  the observed absences were accidental ;  
the possibilities result ing from this  were discussed in 
detai l  in the original paper.  

The real diff iculty presented by  the space group is, 
however, t h a t  the displacements are in ant iparal lel  pairs, 
ra ther  t han  t ha t  the space group is non-polar.  The  
evidence for the opposite displacements of Nb along a 
is quite independent  of the space group and can be 
deduced from the powder photographs  alone. I f  the 
opposite displacements are equal t hey  cannot  explain 
the ferroelectric properties by  a spontaneous polarizat ion;  
if t hey  are unequal  (as migh t  be the case wi th  P2mm) 
then  only thei r  difference could contr ibute to the dipole 

* The same suggestion has also been made independently 
by Dr It. D. Megaw (private communication). 
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moment ,  and  this  again is an  unprecendented  s i tuat ion.  
The analogy wi th  BaTiO 3 thus breaks down in ei ther  ease. 

There is, however, a na tura l  solution of the diff icul ty 
which can account  for the ferroelectric properties,  while 
admi t t ing  the ant iparal lel  displacements.  I t  is assumed 
t h a t  the crystal  changes from a non-polar  to a polar  s ta te  
by  the sudden reversal of atomic displacements  when  the  
field reaches a certain critical value. The substance mus t  
possess two dis t inct  though closely related s tructures  wi th  
different space groups bu t  near ly  the same free energy.* 
The non-polar  s t ructure  having  lower energy is normal ly  
in equilibrium, bu t  if a sufficiently s trong electric field 
is applied the polar s t ructure  can be induced. The sub- 
stance will then  behave as if ferro-electric. I f  the  re laxat ion 
t ime of this  metas table  s t ructure  is comparable wi th  or 
greater  t han  the period of an  applied field, then  dielectric 
hysteresis  will occur. The induct ion of the  polar s ta te  b y  
the field should be accompanied b y  quite  large changes 
in the intensit ies of the weak (superstructure) reflexions; 
if the  l~b displacements are reversed, in tens i ty  changes 
might  be visible on powder photographs.  

The non-polar i ty  need not,  therefore, present  a n y  
diff iculty in principle. A similar effect has  been suggested 
in PbZrOa, because of the shape of the  hysteresis  loops 
(Sawaguchi, Shirane & Takagi,  1951). AntiparaUel dis- 
placements  of a toms occur in the s tructure,  a l though i t  
is not  ye t  certain whether  the s t ructure  is real ly non-polar  
(Sawaguchi, Mamiwa & Hoshino,  1951). I t  is hoped to 
discuss this  phenomenon more fully in a for thcoming 
paper  on the origin of ferroelectricity, and  the name  
pseudo-ferroelectricity is provisionally proposed for it. 
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