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round ing  off the  d i scont inu i ty  in Wilchinsky 's  theory  bu t  
converging in a mos t  sa t isfactory w a y  to a common 
intersect ion a~ ~0 ~-- 90 ° and  &~ ~he level of the curve for 
the  solid sample.  

Many  questions, such as the dependance  of the  effect 
thus  measured  on wave leng th  of p r imary  and  secondary  
rad ia t ion  ( impor tant  if the  result  is to be used for dif- 
fraction),  the  analogous effect for specimens used in 
t ransmission,  influence of a non- t ransparen t  b inder  etc., 
can be s tudied convenien t ly  by  using fluorescence. I t  is 
hoped  t h a t  con t inued  research by  the  present  empirical  
m e t h o d  will some t ime give a sufficiently clear picture  of 

part icle absorpt ion to enable one to make  a reliable 
es t imate  of the  effect in quan t i t a t ive  X - r a y  work.  

The ex t r a - f a s t  goniometer  drive was cons t ruc ted  b y  
K.  Lowitzsch.  His  assistance, as well as helpful  dis- 
cussions wi th  Dr  W. Parr ish  and  several colleagues a t  
the  Philips laboratories,  are he reby  grateful ly  acknowl- 
edged. 
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X - r a y  diffraction powder  studies of s intered ceramic 
specimens of lead me tan ioba te  (PbNb906) have  shown 
tha t  this compound  can adopt  a s t ructura l  form dist inct  
f rom the  or thorhombic ,  ferroelectric s t ruc ture  repor ted  
b y  Goodman (1953). This second s t ructure  is p roduced  
in specimens which  have  been fired in air at  tempera-  
tures  near  1200 ° C. Ceramic preparat ions  m a d e  under  
these  condit ions are l ight  fawn in colour and  show no 
evidence of ferroelectric behaviour .  

:From 19 cm. camera  X - r a y  powder  photographs  the  
crystal  s t ruc ture  of the  new polymorphic  form is seen 
to be a deformed perovski te  type.  The deformat ion is 
rhombohedra l ,  the  simplest  s t ructure  cell possessing the  
d imensions  

aR = 6-206 A, an ----- 58 ° 18'. 

To display more  clearly the  relationship to the  idealized 

* Communication from the Staff of the Research Labora- 
tories of The General Electric Company Limited, Wembley, 
England. 

in revised form 10 May 1956) 

perovski te  s t ruc ture  a larger,  pseudo-cubic cell m a y  be 
chosen wi th  dimensions 

t p 

a a = 8.664 A, an = 88 ° 30'. 

This can be visualized as consisting of eight  d is tor ted  
simple perovski te- type  cells. In  (100) directions, referred 
to the  mul t ip le - type  cell, Pb *+ ions a l te rna te  wi th  
vacancies on the  A sites, and  thus  {222} planes contain  
only oxygen ions and  unfil led Pb  2+ sites. 

In te rp lanar  spacings, hkl indices (referred to hexagonal  
axes) and  peak  in tens i ty  values (derived f rom powder  
pho tograph  microdens i tometer  da ta  and  from da ta  ob- 
ta ined  wi th  a Phil ips X - r a y  diffractometer)  are listed in 
Table 1. 

Turning  now to the  or thorhombic ,  ferroelectric lead 
metan ioba te  repor ted  by  Goodman (1953), we have  
prepared ceramic samples of this form by  using firing 
t empera tu res  in excess of 1250 ° C. B y  fusing these 
products  in p l a t inum boats  a t  about  1350 ° C. co lumnar  
crystals of up  to 2-3 man. in length  were  obtained.  
Crystals thus  prelSared in air  and  in a PbO a tmosphere  

Table  1. X-ray powder diffraction data for rhombohedral form of PbNb~06 

(19 cm. camera, Cu Kc~ radiation) 

hkZ a (A) I 
200 5.250 14 
201 4.890 4 
204 3.103 100 
220 3"023 81 
400 2-619 7 
224 2-376 3 
322 2.225 4 
404 2-167 28 
420 1.981 3 
008 1-922 9 
208 1.804 6 
424 1-761 28 
600 1.746 14 
109 1.688 1 
119 1.643 2 
228 1.623 20 
408 1-549 4 
507 1.517 8 

hkl a (h) I 
442 1.479 1 
620 1.453 1 
606 1.444 1 
622 1.427 1 
428 1.379 4 
624 1.359 10 
540 1-342 1 
527 1.333 2 
800 1.310 2 
608 } 
802 1.293 6 

1,1,12 1.252 2 
2,0,12 1.246 5 

804 1.240 4 
641 1.199 1 
448 1.189 3 
901 1.160 2 

4,0,12 1.152 4 
644 1.148 8 

hk~ ~ (A) 1 
815 1.138 6 
822 1.131 2 
727 1.105 2 

4,4,10 1.077 5 
10,0,2 1.038 2 

729 1.024 1 
4,0,14 1.012 2 
10,0,4 1.009 2 

660 1.006 2 
842 } 
828 0.983 4 

0,0,16 0-962 3 
844 0.959 4 

6,4,10 0"947 2 
934 0.939 1 

5,2,14 0.919 1 
8,2,10 } 
2,2,16 0.917 4 
8,0,12 0-915 6 
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w e r e  g reen  a n d  pale  ye l low in  colour  respec t ive ly .  T h e  
fo rmer  c rys ta l s  w e r e  f o u n d  to  h a v e  lost  2-3 % in  we igh t  
whi le  t h e  l a t t e r  h a d  ga ined  2-3  %, du r ing  firing. 

W h e n  e x a m i n e d  u n d e r  t he  mic roscope  c rys ta l s  of bo th  
co lour  were  f o u n d  to  be biaxial .  X - r a y  s ingle-crys ta l  
r o t a t i o n  p h o t o g r a p h s  showed  t h e  s t r u c t u r e  to  be or tho-  
r h o m b i c ,  b u t  a s impler  s t r u c t u r e  cell t h a n  t h a t  r e p o r t e d  
by  G o o d m a n  (1953) f i t t ed  t h e  d a t a .  Fo r  b o t h  g reen  a n d  
ye l low crys ta l s  t h e  ca l cu la t ed  d imens ions  were  

a = 17-51, b = 17-81, c = 7-73 tix, 

c o m p a r e d  w i t h  G o o d m a n ' s  va lues  

a o ~ 2 5 ,  b o ~ 2 5 ,  c o~-~7 A .  

T h e  m e a s u r e d  dens i t y  was  a p p r o x i m a t e l y  6.6 g .cm.  -s,  
a n d  th is  suggests  t h a t  t he  n e w  u n i t  cell con ta ins  20 

molecules ,  c o m p a r e d  w i t h  t he  40 molecu les  p roposed  for  
t h e  la rger  cell. 

P e r m i t t i v i t y  va lues  were  also m e a s u r e d  a t  va r ious  
t e m p e r a t u r e s  for  slices cu t  f r om some of t h e  l a rger  
ye l low crys ta ls .  Sha rp  m a x i m a ,  of t h e  o rder  of 15,000, 
were  o b t a i n e d  in t he  p e r m i t t i v i t y / t e m p e r a t u r e  curves  a t  
570 ° C. ( the Curie t e m p e r a t u r e  f o u n d  b y  G o o d m a n  
(1953)) for d i rec t ions  of m e a s u r e m e n t  ly ing  in  t h e  
p r inc ipa l  c leavage  p lane  of t h e  crysta ls .  W h e n  s imi lar  
m e a s u r e m e n t s  were  m a d e  in  a d i rec t ion  p e r p e n d i c u l a r  to  
t h e  c leavage  p l ane  no  m a x i m a  were  ob ta ined .  

F u r t h e r  s tudies  of single c rys ta l s  of o r t h o r h o m b i c  lead  
n ioba t e  are  be ing  m a d e  b y  electr ical ,  X - r a y  a n d  opt ica l  
m e t h o d s ,  a n d  it  is h o p e d  to  descr ibe  t h e  resu l t s  in  de ta i l  
in  a sepa ra te  paper .  
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E h r l i c h  & P i e t z k a  (1954) h a v e  r e p o r t e d  t h e  u n i t  cell of 
T i F  3 a s  r h o m b o h e d r a l  w i t h  a = 5"528 ~k a n d  a = 58"88 °. 
Our  m e a s u r e m e n t s  i nd ica t e  s imi la r  va lues :  

a = 5 .51910 .002  A, ~x = 59 .07~0 .07  ° . 

P o w d e r  p a t t e r n s  r e c o r d e d  w i t h  CuKc~ r a d i a t i o n  
(~a~a2 = 1.5417 A) in a c a m e r a  of 19 cm.  d i a m e t e r  show 
t h e  pseudo-cub ic  cha rac t e r  of t h e  cell. Severa l  m a x i m a  
a re  n o t  resolved,  a n d  m i c r o p h o t o m e t e r  t r ac ings  give w e a k  
ind ica t ions  on ly  of t he  mu l t i p l e  n a t u r e  of these  lines. 

The  ex t inc t ions  a n d  s t r u c t u r e  r e p o r t e d  he re  a re  con- 
s i s ten t  w i t h  t h e  space g roup  R'3c. The  cell con ta ins  two  
molecu les  w i t h  

2 T i  in 0 , 0 , 0 ;  ½,½,½,  

a n d  6 F in  g-(x, ½--x, ¼); + ( ½ - - x ,  ¼, x) ,  

+(¼,  x, ½--x), w i t h  x = - - 0 . 1 8 3 + 0 . 0 1 1 .  

T i F  3 is the re fo re  i sos t ruc tu ra l  w i t h  V F  a r e p o r t e d  b y  J a c k  
& G u t m a n n  (1951). E a c h  t i t a n i u m  a t o m  occupies  t h e  
c e n t e r  of a s l ight ly  d i s t o r t ed  o c t a h e d r o n  f o r m e d  b y  six 
f luor ine  a toms ,  w i t h  T i -6  F = 1.97:k0-02 A. T h e  fluo- 
r ine  a t o m s  lie in  p lanes  n o r m a l  to  t h e  [111] d i rec t ion  

a n d  a n  o c t a h e d r o n  is f o r m e d  f rom t h r e e  f luor ines  in each  
p lane  on e i the r  side of a t i t a n i u m  a t o m .  T h e  n o r m a l  
d i s t ance  b e t w e e n  a t i t a n i u m  a t o m  a n d  a f luor ine  p lane  is 
1.13 A. T h e  f luor ine- to- f luor ine  d i s tances  w i t h i n  t h e  
o c t a h e d r a  a re  2-78+0.02 a n d  2.79:k0.02 A. 

T h e  X - r a y  d a t a  a re  p r e s e n t e d  in Table  1. Ref lec t ions  
e x t e n d i n g  to  sin 9 0 = 0.93 a re  obse rved  on the  f i lm. 
H o w e v e r ,  m a x i m a  su i tab le  for  i n t e n s i t y  purposes  r ange  
u p  to  sin ~ 0 = 0.40 only .  

Tab le  1. Observed and calculated data 

hk~ (sins 0)o (sins 0)c I~ ~ 
110 0.03934 0.03959 110 154 
211 ~ 0.07840 0.07808 46 45 
101 j 0.07933 0.08028 32 34 
210 0.1090 0.1091 40 49 
222 

\ 

} 0.1154 10 7 
200 0.1196 0.1199 
220 0.1582 0.1584 81 75 
201 ~ 0.1909 0.1905 22 23 
321 / 0.1956 0.1957 68 66 
211 0.1992 0.2001 50 54 
332 0.2330 0.2320 21 20 
3 1 0  } 0 . 2 3 8 4  
21i 0.2398 0.2408 37 33 
320 0-2674 0.2675 14 16 
422 0"3124 0.3123 35 39 
220 0.3213 0.3211 25 29 
432 - -  0"3400 * - -  
421 - -  0.3445 * 
433 0"3475 0.3475 * 
311 ~ 0 . 3 5 0 0  * - -  
2 1 2  - -  0 . 3 5 1 1  * - -  
330 ~ 0.3562 * 
411 S 0.3572 0-3562 * - -  
B01 0"~fi02 9"3607 * - -  
431 0'3931 0"3926 20 21 
321 0"3978 0"3991 14 15 

* l~ot resolved in intensity. 

* Work  performed under the auspices of the U.S. Atomic 
Energy  Commission. 
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