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W h e n  t h e  i nc iden t  X - r a y s  are  unpo la r i zed ,  t h e  i n t e g r a t e d  
re  f lexions for  a mosa ic  a n d  a n o n - a b s o r b i n g  pe r fec t  c rys t a l  
(~M a n d  Qp respec t ive ly)  are  g iven  b y  

1 l s Jl 3 ( l + c o s  ~20)  
~M 21~ m~c 41Vs [FB[s sin 20 2 

= RM(1 +cos2  20),  ( la )  

8 l h ~ (l + [cos 201) 
qp = ~ mc~ NiFHI sin 20 2 

= Rp(1-t-  tees  201) (lb) 

(of. Internationale Tabellen, 1935, vol .  2, pp .  562, 564). 
H e r e  0 is t h e  B r a g g  ang le  a n d  t h e  f o r m u l a e  refer  to  
s y m m e t r i c a l  ' surface '  ref lexions.  I f ,  howeve r ,  t h e  in- 
c iden t  X - r a y s  a re  c o m p l e t e l y  po la r i zed  a n d  t h e  e lect r ic  
v e c t o r  m a k e s  a n  angle  ~ w i t h  t h e  n o r m a l  to  t h e  p l ane  
of ref lexion,  t h e n  t h e  i n t e g r a t e d  ref lexions  in  t h e  two  
cases  a re :  

OM¢ = RM [COS 9" ~P-{-Sin ~ ~0 COS ~" 9.0] , (2a) 

gp¢ = RiD [cos * ~ + s i n  ~" ~[ cos 20[] . (2b) 

R e w r i t i n g  these  equa t ions  in  t h e  f o r m  

r.M(7)) = ~M¢/~Ma = COS2 ~0-~ - s i n 2  ~0 COS 2 20 , (3a) 

rp(~) = qP¢/qP~ -- c°s~ ~+sin~ ~lcos 201, (3b) 

w h e r e  t h e  s y m b o l  a refers  to  t h e  case w h e n  ~ = 0, i t  is 
seen t h a t ,  excep t  for  va lues  of 0 = 0 °, 45 ° or 90 °, t he  two  
func t ions  a re  d i f ferent ,  t h e  d i f ference  be ing  a m a x i m u m  
for 0 = 30 ° a n d  60 °. Thus ,  i t  is seen t h a t  mosa ic  a n d  
pe r fec t  c rys ta l s  differ  in  the i r  b e h a v i o u r  w i t h  respec t  to  
po la r ized  X- r ays .  

A n  e x p e r i m e n t a l  i nves t i ga t ion  was  m a d e  to  d e m o n -  
s t r a t e  th is  effect  a n d  to  f ind  w h e t h e r  i t  is possible to  use 
i t  to  assess t h e  degree  of pe r fec t ion  of a c rys ta l .  X - r a y s  
f r o m  the  copper  t a r g e t  of a Coolidge t u b e  were  a l lowed  
to  fall  on t h e  g r o u n d  (110) face  of a la rge  KC1 crys ta l ,  
w h i c h  se rved  as t h e  m o n o c h r o m a t o r .  T h e  440 re f lexion 
(Bragg angle  43 ° 58') was  u sed  to  give a m o n o c h r o m a t i c  
po la r i zed  b e a m . t  This  b e a m  was  co l l ima ted  t h r o u g h  a t u b e  
1 m m .  in  d i a m e t e r  a n d  4 cm.  long a n d  was  a l lowed  to  
fall  on  t he  e x p e r i m e n t a l  c rys t a l  set  a t  t he  a p p r o p r i a t e  
B r a g g  angle.  D i f f e ren t  va lues  of q we re  o b t a i n e d  b y  
r o t a t i n g  t h e  gon iomete r ,  on  w h i c h  t h e  c rys t a l  was  

mounted, about an axis coincident with the X-ray beam. 
T h e  X - r a y s  r e f l ec ted  h y  t h e  c rys t a l  were  d e t e c t e d  b y  a 
Geiger  coun te r .  T h e  i n t e g r a t e d  ref lex ion  w a s  o b t a i n e d  
b y  p l o t t i n g  t h e  rock ing  c u r v e  a n d  f ind ing  its a rea .  T h e  

* Now at the Depar tment  of Physics, Universi ty of Madras, 
Guindy, Madras 25, India.  

t The beam will be completely poIarized only if the Bragg 
angle of the monochromator  is exactly 45 °. As the Bragg 
angle of KC1 440 is 43 ° 58', there is less than  I %  of un- 
polarized X-rays in t he  incident beam. ]it can be shown tha t  
the max imum error arising from this in the measurement  of 
r(~) is much  less than  the experimental  errors. 

vo l t age  a n d  c u r r e n t  in  t h e  X - r a y  t u b e  we re  m a i n t a i n e d  
c o n s t a n t  m a n u a l l y .  All  m e a s u r e m e n t s  we re  re la t ive  a n d  
w e r e  e s t i m a t e d  to  be  a c c u r a t e  to  a b o u t  5 %. 

Crysta ls  of s o d i u m  n i t r a t e  s lowly  g r o w n  f r o m  a s a t u r a t -  
ed  so lu t ion  were  used  in  t he se  expe r imen t s .  The  633 a n d  
422 ref lexions w e r e  f i rs t  s t ud i ed  us ing  a n a t u r a l  (211) 
face a n d  l a t e r  a f t e r  g r ind ing  t h e  surface .  T h e  resu l t s  a r e  
g iven  in Fig .  1 in w h i c h  t h e  curves  a re  t h e  t heo re t i c a l  
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Fig. 1. Variation of integrated reflexion with  azimuth of 

polarization. The curves marked rp and rM respectively 
are the theoretical curves for a perfect non-absorbing and 
for a mosaic crystal. The experimental  da ta  are indicated 
by  the points, circles representing those obtained with a 
natural  surface and the crosses those with a ground surface. 
The upper two curves and the points between them are 
for the 422 reflexion (20 ---- 60 ° 58') while the lower set is 
for the 633 reflexion (20 ---- 99 ° 12') of NaNO a. 

curves  g iven  b y  e q u a t i o n s  (3a) a n d  (3b). I t  m a y  be  
r e m a r k e d  t h a t  t h e  va lue  of 20 for  t h e  422 re f lex ion  is 
60 ° 58', w h i c h  is v e r y  close to  t h e  v a l u e  for  w h i c h  
rp(q~)--rM(q) ) is a m a x i m u m .  

I n  b o t h  t h e  re  f lexions,  one  no t ices  t h a t  t h e  e x p e r i m e n t a l  
po in t s  for  t h e  g o u n d  c rys t a l  a re  v e r y  n e a r  t h e  t h e o r e t i c a l  
cu rves  for  t h e  mosa ic  c rys ta l .  H o w e v e r ,  t h e y  lie con- 
s i s t en t ly  above  t h e  curve ,  showing  t h a t  t h e  g r ind ing  has  
n o t  m a d e  t h e  c rys t a l  idea l ly  mosa ic .  T h e  d a t a  for  t h e  

reflexi0ns from the unground crystal are considerably 
di f fe ren t  f r om those  for  t h e  g r o u n d  one.  T h u s  t h e  re f lex ion  
coeff ic ient  for  p e r p e n d i c u l a r  po la r i za t ion  (~ ---- 90 °) rela-  
t ive  to  t h a t  for  para l le l  po l a r i za t i on  is h ighe r  for  t h e  un -  
g r o u n d  c rys t a l  t h a n  for  t h e  g r o u n d  one.  There fore ,  if 
u n p o l a r i z e d  i n c i d e n t  X - r a y s  a re  u sed  t h e  degree  of 
po la r i za t ion  of t h e  B r a g g  re f l ec ted  X - r a y s  w o u l d  be  
h igher  for  t h e  g r o u n d  t h a n  for  t h e  u n g r o u n d  crys ta l .  
As fa r  as t h e  a u t h o r s  a re  aware ,  th i s  is t h e  f i rs t  ex- 
p e r i m e n t a l  d e m o n s t r a t i o n  of  t h e  fac t  t h a t  t h e  po la r iza-  
t i on  cha rac t e r i s t i c  of a B r a g g  ref lexion d e p e n d s  on  t h e  
pe r fec t ion  of. t h e  c rys ta l .  This  could ,  the re fore ,  be  u sed  
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for assessing the degree of perfection of crystals.  For  
instance,  if rc(q~) is the  exper imental  value for a crystal ,  
one m a y  define the degree of perfection as 

{rv (q)) -- rM (¢))/{r~, (~) --rM (~) }. 

This  ra t io  is found to be approximate ly  constant  for 
different  values of ¢ for NaNOa crystals  grown from 
solution and  has a mean  value of about  0.5. An impor tan t  
advan tage  of th is  me thod  of f inding the degree of per- 
fection of crystals  is t h a t  the  diff icul ty of determining 
absolute in tegra ted  reflexions is no t  present,  as i t  re- 
quires only relat ive measurements  for different azimuths.  

I t  mus t  be ment ioned t h a t  the  theoret ical  curve for 
r~(~) relates to a perfect  non-absorbing crystal.  Pre- 
l iminary  theoret~ical studies show tha t ,  when  there is a 

finite absorption,  the  curve for rp(~) departs  from this,  
approaching t h a t  for rM(~) for increasing absorptions 
and  coinciding wi th  the la t ter  for large absorpt ion 
coefficients. This is in agreement  wi th  the theoret ical  
resul t  obtained by  Hirsch  & R a m a c h a n d r a n  (1950) t h a t  
perfect  and  mosaic crystals  give the same in tegra ted  
reflexions when absorpt ion is large. When  the  effect of 
finite absorpt ion is t aken  into account,  i t  is seen t ha t  the  
degree of perfection of the grown crystal  of NaNOa 
should be higher t h a n  the  value 0.5 given above. Fur the r  
invest igat ions are in progress. 
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Schuber t  & Seitz (1946) and  later  Schubert  & Seitz (1947) 
a n d  Fricke & Seitz (1947) described the s t ructures  of the 
t r ihydra tes  of the rare earths,  including l an thanum,  
neodymium,  samarium, erbium and  y t t r ium.  In  com- 
prehensive papers  Zachariasen (1948a, b) also described 
the s t ructures  of some of the same rare-ear th  hydra tes ,  
classifying them into the UC13 type,  which s t ruc tu re  he 
determined in detail.  I n  Structure Reports for 1997-1948 
(1951) one type  of s t ructure  has been classified under  the 
name Y(OH)a structure,  and  some 20 isotypic s t ructures  
are listed, including the hydroxides  and  chlorides of the 
4f and  5f elements. Al though Structqre Reports lists the 
values of Zachariasen and  those of Fricke,  Seitz et al. 
as though  they  were compatible,  a glance will suffice to 
show t h a t  there are irreconcilable differences between the  
two. Thus for La(OH)3 Zachariasen gives c =-3.850, 
a = 6.523/~, giving D x  = 4.44; whereas Fricke & Seitz 
give c = 3.55 and  a -=-- 6.29/~, wi th  D x  = 5-19. A fur ther  
s t r iking anomaly  in the results  of Fricke & Seitz is the fact  
t h a t  the  unit-cell  size, and  hence the  unit-cell  volume, 
ha rd ly  changes a t  all when passing from l a n t h a n u m  
(121.6 /~3) to y t t r i u m  hydroxide  (119.1 /~3). 

Experimental 
In  connection wi th  an  invest igat ion into the  phase 
equil ibr ium relat ionships in the rare ear th  oxide-water  
sys tems a t  elevated tempera tures  and  h igh  water  pres- 
sures it  was found t h a t  single crystals  (1-2 ram. long) 
of the various hydra tes  could be grown quite easily. At  
least  four different s t ructure  types ,  two of them mono- 
hydra tes ,  were recognized. 

* This work was a part of a program studying the phase 
equilibrium relationships of hydrated minerals and oxides 
under hydrothermal conditions, supported by the Office of 
Naval Research (Contract No. N6onr-269) and the Army Signal 
Corps (Contract No. DA 36-039 sc:5594); it appeared as part 
of the Annual Report to the latter Agency, dated 1 July 1952. 

The oxides of the elements used, La203, Nd203, Sm203, 
Gd203 and  Y~Oa were of 99% pur i t y  grade. However,  
conf i rmatory  runs were made  wi th  mater ia l  of s ta ted  
99.9% pur i t y  obta ined from a different commercial  
source. Spectrographic examinat ion  of the 99.9% Y203 
showed no impur i ty  in excess of 0.01-0.05 %. The oxides 
were dissolved in ni tr ic  acid, precipi ta ted by  ammonia  
and  thoroughly  washed, in order to obtain them in a 
react ive form. They  were wrapped in p la t inum envelopes 
and  hea ted  to the desired tempera ture  (up to a m a x i m u m  
of 800 ° C.) under  the desired water  vapour  pressure (up 
to a m a x i m u m  of 20,000 lb.in. -~) in the usual types  of 
vessels (see Roy,  R o y  & Osborn, 1950) for periods from 
a few hours to a few weeks. The vessels were 'quenched' ,  
and  the products  examined by  the petrographic  micro- 
scope and X- ray  diffraction. Powder  pa t t e rns  were ob- 
ta ined using filtered copper radia t ion on a G.E. XRD-3  
165 ° spectrometer  uni t .  The necessary oscillation, rota- 
t ion and  Weissenberg diagrams were obtained wi th  un- 
fi l tered Fe, Cu or Mo radia t ion for the equator,  first and  
second layer  lines around the 'c' and 'a' axes. 

The single-crystal  da ta  for La(OH)3 yielded a space 
group (C63/m) agreeing wi th  t h a t  found by  Zachariasen 
and  by  Fricke & Seitz. The cell dimensions obtained from 
these da ta  and  from the indexing of the powder pa t t e rn  
data ,  using Bunn- type  charts ,  are given in Table 1, and 
the agreement  wi th  Zachariasen for La(OH) 3 and  
Nd(OH)a is fair. The dens i ty  measured pycnometr ica l ly  
on a 5 g. sample was found to be 4.4534-0.005 g.cm. -3 
compared wi th  Zachariasen 's  X- r ay  dens i ty  of 4.44 
g.cm. -3. Optical da ta  obtained on La(OH)z gave ne = 
1"768=t=0"005, n~, = 1.740~0.005; uniaxial  posit ive;  pro- 
nounced positive elongation. The neodymium,  samar ium 
(as also the gadolinium) hydroxides  proved to be iso- 
morphous,  having  the same posit ive elongation and very  
s l ight ly higher refractive indices. Moreover, the  powder 
pa t te rns  which are l isted in Table 1 compare well among 
themselves and  w i t h  t h a t  given by  Fricke & Seitz (1947) 
for 'Er(OH)a' .  However,  thei r  unit-cell  size for 'Er(OH)a'  


