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tion pr~sentes dans notre molecule: liaison hydrog~ne, 
peut-~tre a t t ract ion entre le groupe N 0  2 et les carbones 
aromat iques  de l ' anneau voisin (cf. Briegleb & Kam-  
beitz, 1936; Abrahams  & Robertson, 1948), et les forces 
de nature  ~lectronique qui tendent  ~ rapprocher le plus 
possible les angles des liaisons (angles de valence) de 
leur valeur ' th~orique' .  

I1 existe, nous l 'avons montr~, une liaison hydrog~ne 
certaine (longueur 2,75A.) entre un  seul oxyg~ne des 
groupes N02 ortho et l 'azote amin~. Cette liaison doit 
j ouer un  rSle impor tan t  duns le comportement  chimique 
de la molecule, et doit rendre compte de l 'absence de 
basicit~ des picrylanilines.  Elle expliquerait  m~me, 
dans le cas de l 'hexani t rodiph~nylamine,  le caract~re 
acide de ce corps: la fonction amine a disparu, compl~te- 
ment  masqu~e p~r les groupes N 0  e ortho, et la liaison 
hydrog~ne a pour effet de donner une fonction acide 

un  oxyg~ne d 'un  groupe N 0  2, faci lement  accessible 
aux  r~actifs. 

Enfin, puisque nous avons montr~ que la forme de la 
molecule ~tait la m~me dans les trois structures, le 
polymorphisme est dfi au fair que les m~mes molecules 
peuvent  s 'assembler en un r~seau cristallin de trois 
mani~res diff~rentes, correspondant routes trois ~ un 
~quilibre stable. La formation simultan~e des trois 
vari~t~s ~ part i r  de la m~me phase (vitreuse ou dissoute) 
et ~ la m~me temperature  montre  en outre que les 
differences d'~nergie des trois r~seaux doivent ~tre 
tr~s faibles. 

Dans  les vari6t6s f l I Ie t  JIII ,  stables ~ la tempgrature  
ordinaire, la molecule a exactement  la mgme forme. 

Duns la varigt6 J~, stable ~ haute  temperature,  on 
relbve de lgggres diffgrences: la molecule est plus 
' ramass~e ' ,  l 'angle de valence de l 'azote amin~, plus 
faible. On ne peut  n~anmoins parler d'isomgrie par  
rapport  aux autres vari~t~s, car les diff6rences entre les 
deux formes de mol6cules ne sont dues qu'£ des rotations 
autour  de liaisons simples.(liaisons C - N H  et C-N02), 
rotations qui sont plus ou moins libres (~ l 'emp8chement  
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st6rique pros) ~ l '6tat  l iquide et qui 'se f igent '  ~ l '6 ta t  
cristallin duns des positions l~g~rement difffirentes, 
correspondant ~ des empilements  diff6rents des rnol6- 
cules. La l~g~re contraction de l 'angle de valence de 
l 'azote amin6 que nous avons constat6e entre J I I  et J I  
peut  vra isemblablement  s 'expliquer elle aussi par  la 
rotat ion des radicaux qui, en modif iant  les distances 
intramol6culaires,  peut  faire varier la valeur  de certains 
angles de valence. 

En  ce qui concerne enfin le ph6nom~ne de la solidi- 
fication vitreuse, nous avons constat6 qu 'on le rencontre 
non seulement duns notre d6riv~ mais duns route une 
s~rie de d6riv~s nitr6s de la diph~nylamine:  il semble 
done que ce soit s implement  la forme assez compliqu~e 
de routes ces mol6cules et le grand nombre de faibles 
interactions qui peuvent  8tre mises en jeu (liaisons 
N02-anneau  benz6nique par  exemple) qui soit respon- 
sable d 'une surfusion aussi prononc6e: tr~s enchevStr~es 

l '~tat liquide, elles 6prouvent quelques difficult6s 
prendre l '~tat cristallin ordonn~. 
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S t r u c t u r e  o f  BaTiOa  a t  l o w  t e m p e r a t u r e s .  By R. G. I~HODES, Crystallographic Laboratory, Cavendish Laboratory, 

Cambridge, England (Received 20 July 1949) 

Of the many papers concerned with the structure and 
properties of BaTiO3, very few refer to the changes which 
take place when this material is cooled below room 
temperature (Megaw, 1947; Harwood, 1949; Kay, Wellard 
& Vousden, 1949). In an at tempt to elucidate the nature 
of these changes, single-domain crystals of BaTiO 8 have 
been investigated in the range from room temperature 
down to - 150 ° C. The crystals used were plate-like, with 

the uniaxial tetragonal axis perpendicular to the large 
face at room temperature. 

The axial parameters were measured by X-ray diffrac- 
tion methods with the results shown in Fig. 1. Large 
thermal hysteresis effects occurred at the two low- 
temperature transitions, i.e. near 0 ° C. and near - 90 ° C. 
Although the actual transition temperatures varied to 
some extent from one crystal to another, depending on 



4 i  8 SHORT COMMUNICATIONS 

~he size a n d  impur i t ies ,  t h e  r ange  • of  hys teres is  a t  each  
t r ans i t i on  was  a b o u t  t he  same  a n d  agrees w i t h  t h a t  
es tab l i shed  b y  m e a s u r e m e n t s  on the  dieleStric cons t an t  
(Merz, 1949). A t  bo th  t rans i t ions ,  t he  axia l  p a r a m e t e r s  
a n d  the  dielectr ic  cons tan t ,  m e a s u r e d  pe rpend icu l a r  (%) 
a n d  paral le l  (%) to  t he  po la r  axis of  the  c rys ta l  a t  r o o m  

t rans i t ion ,  as well  as u p o n  o the r  fac tors  such  as t h e  size 
a n d  shape  of  t he  c rys ta l  a n d  t h e  impur i t i e s  p resen t .  T h e  
X - r a y  reflexions obse rved  in  t h e  p a t t e r n  of  a g iven  
spec imen  m a y  be e i the r  single spots  or  doub le  spots ,  or  
bo th  k inds  m a y  occur  t oge the r  w i t h  re la t ive  in tens i t ies  
wh ich  differ f rom one spec imen  to  ano the r .  These  p a t t e r n s  
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Fig. 1. Changes in the dimensions of the unit  cell of BaTiOa over the temperature  range + 20 ° to -- 150 ° C. The arrows indicate 
the direction of cooling or heating of the crystal, and the points which show the hysteresis effect on heating have been 
represented as broken circles. The full circles represent the points which follow the same path  on cooling and heating. The 
vertical scales for the two axial parameters are numbered separately. The c axis corresponds to the tetragonal c axis of the 
original crystal. The identical a and b axes of the original tetragonal cell change into axes of different lengths in the 
temperature  range between 0 and -- 100 ° C. ; they are labelled ' a '  axis in the diagram. 

t e m p e r a t u r e ,  changed  d i scon t inuous ly  f rom values  cha- 
rac te r i s t ic  of  t he  h igh  t e m p e r a t u r e  to values  charac te r i s t i c  
of  t he  low t e m p e r a t u r e  (or vice versa) .  

Opt ical  a n d  X - r a y  tes ts  show tha t ,  a t  r o o m  t emper -  
a ture ,  t h e  c rys ta l  is t e t r a g o n a l  a n d  consists  of  a single 
domain .  At  t h e  first t rans i t ion ,  a t  a b o u t  0 ° C., t h e  c rys ta l  
b reaks  up  in to  severa l  domains  fo rming  a h igh ly  t w i n n e d ,  
mosaic  s t ruc tu re :  

The  precise w a y  in w h i c h  the  change  occurs  a t  t he  first  
t r ans i t i on  seems to  d e p e n d  u p o n  the  p rev ious  h i s to ry  of  
t h e  crys ta l ,  a n d  upon  t h e  r a t e  of  cooling t h r o u g h  t h e  

are  expl icable  in two dif ferent  ways .  F i r s t  i t  m a y  be 
a s s u m e d  t h a t  two  c rys ta l  phases  occur  a t  t h e  first 
t rans i t ion ,  one w i t h  a ~etragonal  cell (a= b ,~, 3-980 A.,  a n d  
c - 4 . 0 1 8 A . )  a n d  one w i t h  a monoc l in ie  s t r uc tu r e  
(a=b=4.018A. ,  c=4.018A,  a n d / ? = 9 0  ° 12'). A s impler  
a l t e rna t ive  (Megaw, p r iva t e  c o m m u n i c a t i o n )  is to  a s sume  
t h a t  a single monoc l in ic  s t r uc tu r e  forms  t h e  obse rved  
mosaic ,  t h e  axes  be ing  

a ' - c - 4 . 0 1 8 A . ,  b ~ 3 . 9 8 0 A . ,  w i t h  / ? - 9 0  ° 12'. 

• The  @ axis is pe rpend icu l a r  to  t h e  a c p lane  a n d  var ies  
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from 3.986 A. at 0 ° C. to 3-975 A. at the  lowest temper- 
ature reached before the second transit ion occurs in the 
neighbourhood of - 9 0  to - 1 0 0  ° C. (see Fig. 1). Geo- 
metrically, since a -  c and /?  = 90 °, this lattice has ortho- 
rhombic symmetry,  with  the diagonals of the (010) face 
of the  pseudo-monoclinic cell forming the new a and c axes 
(Megaw, 1946). 

The individual subcrystallites of this low-temperature 
mosaic structure are inclined to one another  at  small 
angles of 25' with orientations in the orthogonal directions. 
Because of the breakdown into a mosaic structure di- 
electric measurements  can only represent average values 
in the respective crystal directions. 

At the second transit ion near - 9 0  ° C., there is a 
further change in the  axial parameters.  In  all cases 
invest igated the crystal changes to a mosaic structure at 
this temperature  with a trait cell having axes 

a - b - c = 3 . 9 9 9 A . ,  with /?--90 ° 14'. 

The structure at  this second transit ion is thus almost 
cubic with a slight distortion from true orthogonality.  

Optical observations with the polarizing microscope 
showed tha t  the  transit ion from one phase to another,  as 
the tempera ture  was lowered gradually through either of 

the transitions, occurred discontinuously. The new phase 
seemed either to creep across the crystal as a consequence 
of a series of very minute  jumps, or to appear suddenly 
over large sections of the crystal. Microscope observa- 
tions in polarized light show the low-temperature mosaic 
structure as consisting of sets of ill-defined dark lines, 
approximately parallel to the original a and b axes of the  
room-temperature  tetragonal  structure. Ext inct ion was 
poor at approximately 45 ° to these axes. In  all cases, the  
crystals re turned to their  original structure, or a similar 
one, when reheated to room temperature.  

A full account of this work will be published later. 

I wish to thank  the  British Electrical and Allied 
Industries Research Association for a grant  which has 
enabled this work to proceed, and for permission to 
publish this note. 
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Hydroxyl groups in afwillite. BY HELEN D. MEGAW, Crystallographic Laboratory, Cavendish Laboratory, Cambridge, 

England (Received 26 July 1949) 

The mineral  afwillite (Parry & Wright,  1925) has the  
empirical formula CaaSi~O10H 6. An invest igation of its 
structure, under taken  wi th  the particular purpose of 
finding the part  played in it by the  hydrogen,  has now 
been completed, though further work is needed to 
determine the atomic parameters  exactly. 

Exper imenta l  data  were obtained from single-crystal 
oscillation and Weissenberg photographs,  and used to 
construct Pat terson projections and Pat terson bounded 
projections. No a priori assumptions were made  about  
the  location of the  hydrogen atoms. For this reason, the  
t e rm 'oxygen a t o m '  is used to include O 9-, and  0 H -  
H~O groups; the  distinction between them follows in the 
final stages of the  determinat ion of the structure. 

The main features of the structure can be described by 
considering one formula-unit,  CaaSi~010H 6. The silicon 
atoms occur in SiO 4 groups, each sharing one edge and 
two corners with the  oxygen polyhedra surrounding 
neighbouring calcium atoms. The two silicon atoms and 
two of the  three calcium atoms are thus, l inked up in 
a densely packed belt continuous throughout  the stru~cture. 
The polyhedron surrounding the thi rd  calcium a tom 
sha~es two opposite edges with neighbouring calcium 
polyhedra of two adjacent  belts. Each silicon a tom is at  
the  centre of a fairly regular te t rahedron;  each calcium 
a tom has six close oxygen neighbours, and two others not  
quite so close. 

The novel and most  interest ing feature of th6 structure 
is the envi ronment  of some of the oxygen atoms. Of the 
four oxygens of each silicon te trahedron,  each of the two 
which do not  form part  of the shared edge has only one 
other cation neighbour, a calcium atom. The sum of the 
Pauling bond strengths is e 4 g + ~ =  1~, as compared with 
the  value 2 required by O ~- for electrical neutra l i ty ;  it 
suggests tha t  these atoms are OH-.  Further ,  the  oxygen 

a tom has the two cation neighbours on the  same side, and 
on its other side only oxygen ne ighbours - -an  arrange- 
men t  which suggests the occurrence of hydroxyl  bonds. 

The two oxygen atoms not  directly l inked to silicon 
have one near calcium neighbour, and two ra ther  more 
distant,  again in a very one-sided ar rangement  with 
oxygens adjoining on the  other side; they  also seem to be 
OH groups. Detailed consideration of the system of 
hydroxyl  bonds must  wait  till the refinement of the  
structure has been completed. 

The remaining four oxygen atoms form the shared 
edges of the silicon te t rahedra  and calcium polyhedra;  
they  also par take in shared edges between two calcium 
polyhedra in the al ternate layers. Thus they  have each 
one silicon and three calcium neighbours, te t rahedral ly  
arranged, and the sum of the bond strengths is 

4 3 x 2  ~+-~=l~; 
they  may  reasonably be identified as O ~-. 

There 'is another  a rgument  proving tha t  at  least some 
of the atoms directly l inked to silicon are OH. This 
follows inevitably from the empirical formula CaaSi2010H6, 
once the existence of the SiOa groups is established. There 
are only two oxygen atoms not  required for the Si04 
groups, and they  cannot accommodate  more than  four 
hydrogen atoms, unless, as seems very improbable, OH + 
ions should be present.  This argument  is quite independent  
of the details of the envi ronment  of the oxygen atoms 
considered in the previous paragraphs. 

This direct linkage of silicon to OH is a new observa- 
tion, which has not, to the best of the author 's  knowledge, 
been established in any published work on silicate 
structure. I t  may  very well throw light on other problems 
of hydroxyl-containing silicates. 


