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Single crystals of bar ium t i tana te  have been grown in 
these laboratories by  a technique based on the m e t h o d  
due to Remeika  (1954). The investigation of the domain 
structure and  electrical properties of bar ium t i tana te  
crystals has received considerable a t ten t ion  (e.g. Merz, 
1952, 1954), but  few details have been published of the 
interest ing crystallographic features displayed by crystals 
grown from solution in potassium fluoride. 

The so-called 'bu t te r f ly  twin '  crystals obtained consist 
of two tr iangular  plates joined along the hypotenuse  a t  
an acute angle. A narrow, well developed face is present  
along the  junct ion of the  plates (Fig. l(a)). Occasionally 
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Fig. 1. Sections through the junction of BaTiO a twinned 
crystals. (a) Acute-angled 'butterfly twin'; (b) obtuse- 
angled crystal. 

crystals are found which have the  plates joined at  an 
obtuse angle. Crystals of the  lat ter  type possess a sharp 
edge along the  junct ion  (Fig. l(b)). I t  may  be noted  in 
Fig. 1 (a) tha t  in the acute-angled crystals tapering of the 
thickness of the  plates occurs near  to the junction.  This 
is presumably  due to restr icted access of solution to the  
narrow space be tween  the  two crystal plates. 

Measurement  of the  angle between the  wings for a 
large number  of crystals showed it to be approximately  
constant .  The small variat ions observed may  be ascribed 
to differences in the  axial ratio of the  structure cell, 
together  with variat ions in the  ratio of a to c domains 
(Forsbergh, 1949) a t  the  junction.  

The mean  value obta ined  is consistent wi th  a (114) 
twinning plane. Consideration of the atomic ar rangement  
for the  (114) plane, however,  did not  suggest a definite 
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Table 1. Calculated and observed angles between the 'wings' 
of barium titanate twin crystals 

Calculated Observed 
Type of crystal angle angle 

Entirely a domain 
(c/a = 1.01) 39 ° 18' - -  

Acute- Entirely c domain 
(c/a = 1.01) 38 ° 34' - -  

angled Equal a and c domains 
twins present (equivalent 

t o  c/a = 1) 38 ° 58' - -  
Mean observed value - -  38 ° 49' 

Obtuse- [ Equal a and c domains 

/ present (equivalent 
angled to c/a ~- 1) 109 ° 29' - -  
twins Mean observed value - -  109 ° 31' 

reason for such twinning.  Fur thermore ,  the  small face 
at  the  junct ion of the  acute-angled crystals would have 
the  indices 221 for a (114) twinning plane. Such a face 
should rapidly disappear during growth owing to dif- 
ferential growth rates between (221) and (100). 

A close s tudy of m a n y  crystals has shown that ,  in fact, 
two twinning planes are present  in each 'but terf ly  twin ' ,  
both  of which are (111) planes. The observed narrow face 
at the junct ion is thus  a (100) face, and is consequent ly  
retained throughout  the  deve lopment  of the  crystal. The 
obtuse-angled crystals possess only a single ( 111 ) twinning  
plane and thus have a sharp junction.  

The dendri t ic  type of growth, which is readily obtained 
from potassium fluoride solution, also shows (111) twin- 
ning. In  this case sheets of crystals are formed in which 
either tabular  crystals or pyramids  project  on both sides 
and  in all possible orientat ions from the common (111) 
plane. 

Twinning in bar ium t i tana te  thus conforms to estab- 
lished twinning  laws for cubic crystals. The 'but terf ly  
twin '  habi t  is evident ly  a result of the prevalence of 
twinning,  a l though the  reasons for the precise form of this  
twin are not  yet  clear. 
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The structure described by von Sydow (1954) has been The coordinates of the hydrogen atoms were derived as 
refined using difference syntheses. A tempera ture  factor in yon Sydow (1954), and these values agree very well 
exp [ - -B  sin ~" 0/2~], wi th  B ---- 3.0 A s, has been applied, with the maxima  obtained in the (Fo--Fc) synthesis  
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Tab le  1. Coordinates of the atoms 

Atom y/b z/c 
O 1 0-244 0.0041 
O 2 0.621 0.0434 
C 1 0.401 0.0350 
C 2 0.306 0.0540 
C 3 0.459 0.0926 
C, 0.341 0.1160 
C 5 0.516 0.1532 
C e 0.373 0.1798 
C~ 0.575 0.2131 
C s 0.410 0.2433 
C~ 0.630 0-2735 
C10 0.454 0.3062 
Cll 0.681 0-3337 
CI2 0.497 0.3681 
Cla 0.725 0.3941 
C~ 0.547 0.4308 
C~5 0.767 0.4546 

hkZ IFol F~ 
000  272  
001 32 + 33 
002  7 + 8 
003  23 + 2 5  
004  < 5 + 1 
005  16 + 1 8  
0O6 < 6 - -  6 
O07 6 + 10 
008 8 - -  12 
009  < 7 + 3 

0,0,10 9 - -  12 
0,0,11 < 8 + 1 
0,0,12 13 -- 13 
0 ,0 ,13  < 8 - -  2 
0 ,0 ,14  14 - -  14 
0 ,0 ,15  < 9 - -  5 
0 ,0 ,16  10 + 5 
0 ,0 ,17  < 10 - -  3 

010  110 - -  100 
011  18 - - 1 8  
012  30  - - 2 7  
013  13 - -  7 
014  10 - -  10 
015  < 8 - -  1 

w h e r e  on ly  t h e  o x y g e n  a n d  c a r b o n  a t o m s  were  i n c l u d e d  
in  t h e  ca lcu la t ion  of F t .  T h e  coo rd ina t e s  of t h e  heav i e r  
a t o m s  a re  co l lec ted  in  Tab le  1, a n d  obse rved  a n d  calcu-  
l a t e d  s t r u c t u r e  fac tors  in  Tab le  2. R1 = 0.14 w h e n  non-  
obse rved  ref lexions  a re  o m i t t e d .  

N o  change  of signs is o b t a i n e d  for  t h e  o b s e r v e d  re- 
f lexions,  so t h e  e l e c t r o n - d e n s i t y  p ro j ec t i on  s h o w n  in  t h e  
ear l ier  p a p e r  is a l m o s t  t h e  same  as t h a t  o b t a i n e d  w i t h  
t h e  va lues  in  Tab le  2 of th i s  paper .  

T h e  two  rows  of c a r b o n  a t o m s  are  n o t  .quite  s t r a igh t ,  
as  was  s u p p o s e d  earl ier .  There fore ,  -the" subcel l  t h e o r y  
cou ld  n o t  be  used  in  t h e  s t r u c t u r e - f a c t o r  ca lcu la t ions .  
T h e  sugges t ion  t h a t  t h e  cha ins  a re  hel i6al ly  t w i s t e d  has  
been  s t r e n g t h e n e d  b y  these  n e w  resul ts .  
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Tab le  2. Observed and calculated structure factors 

hk~ IFol F~ 
016 < 8 + 3 
017 < 8 + 3 
018 < 9 + 6 
019 < 9 + 4 

0,1,10 < 1 0  + 1 0  
0,1,11 < 1 0  + 3 
0,1,12 < 1 0  0 
0,1,13 <11  + 3 
0,1,14 <11  -- 2 
0,1,15 48 + 4 9  
0,1,16 23 + 2 3  
0,1,17 19 --19 
0,1,18 < 1 2  + 1 

01i  40 -- 27 
015 70 + 54 
013 < 7 -- 9 
014 22 + 1 6  
01~ < 7 -- 8 
01~ 13 + 14 
017 < 8 -- 3 
018 15 + 1 6  
019 < 8 + 5 

0,1,10 16 + 1 6  

hkZ I~oi ~'~ 
0 ,1 ,11  9 + 9 
0,1,12 19 + 1 6  
0,1,1._33 10 + 1 6  
0,1,14 18 + 1 4  
o,1,15 12 + 1 7  
0.1,16 25 --25 
0 ,1 ,17  62 -}-58 
0,1,18 <11  -4-12 

0,2,13 < 13 + 8 
0,2,14 21 + 2 2  
0,2,15 30 --34 
0,2,16 15 - -  18 
0,2,17 < 14 -- 1 

021 < 1 0  -- 5 
022 17 --21 
023 < 1 0  --14 

0,2,16 < 12 + 6 
0,2,17 18 --25 
0,2,18 39 --42 
0,2,19 17 + 15 
0 ,2 ,20  < 13 - -  10 
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I n  t h e  a b o v e  pape r s  (yon Sydow,  1954, 1955) t he  resu l t s  
g i v e n  b y  V a n d ,  Mor ley  & L o m e r  (1951) conce rn ing  the  
s t r u c t u r e  of t h e  c rys ta l l ine  C- form of laur ic  ac id  h a v e  
been  e r roneous ly  i n t e r p r e t e d .  I n  th is  f o rm  the  cha in  
p lanes  of t w o  molecu les  coup led  t o g e t h e r  w i t h  h y d r o g e n  
b o n d s  a re  n o t  p e r p e n d i c u l a r  b u t  paral le l .  

I n  t h e  B - f o r m  of s tear ic  ac id  (yon Sydow,  1955), 
w h i c h  has  t h e  same  space g r o u p  as t h e  C-form,  t h e  cha in  
p l anes  of two  such  molecu les  a re  also paral le l .  I n  t he  

B ' - f o r m  of n - p e n t a d e c a n o i c  ac id  (yon Sydow,  1954), 
howeve r ,  t h e  p lanes  a re  p e r p e n d i c u l a r ,  as  w a s  s t a t e d  in  
t h e  or iginal  paper .  
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