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R e c e n t  c r y s t a l l o g r a p h i c  s t u d i e s  of e u r o p i u m - o x y g e n  
c o m p o u n d s  r e p o r t e d  a t  t h e  T h i r d  :Rare E a r t h  Confe rence  
(l~au, 1963) r e v e a l e d  a n  u n k n o w n  o r t h o r h o m b i c  phase ,  
d e s i g n a t e d  O r t h o  I ,  w h i c h  was  be l i eved  to  be a r e d u c e d  
ox ide  c o n t a i n i n g  d i v a l e n t  a n d  t r i v a l e n t  e u r o p i u m .  Th i s  
c o m p o u n d  was  p r o d u c e d  b o t h  as ye l low p o w d e r  a n d  as  
w e l l - f o r m e d  o range -ye l l ow  c rys t a l s  d u r i n g  v a r i o u s  t e s t s  
of Eu203 under reducing atmospheres. Garton & I-Iukin 
(1963) reported forming a similar yellow compound, in 
the presence of silica, which gave an X-ray powder 
pattern identical with that of Ortho I, and which they 
believed to have a composition near EuaO 4. In recent 
work which included several of the writer's Ortho I 
crystals, Shafer, McGuire & Suits (1963) identified this 
material as europium orthosilicate, EugSiO4. This com- 
position was subsequently verified in this laboratory by 
electron microprobe analysis. 

Although a crystal structure determination of Eu2SiO4 
has not yet been carried out, single-crystal X-ray data 
have been used to determine the lattice parameters and 

i n d e x  t h e  p o w d e r  p a t t e r n .  R o t a t i o n  a n d  W e i s s e n b e r g  
p h o t o g r a p h s  were  o b t a i n e d  for  t w o  d i f f e r e n t  axes ,  w i t h  
c o p p e r  K a  r a d i a t i o n ,  a n d  p o w d e r  d a t a  were  o b t a i n e d  
f r o m  b o t h  D e b y e - S c h e r r e r  p h o t o g r a p h s  a n d  d i f f rac to -  
m e t e r  t races ,  w i t h  i ron  K a  r a d i a t i o n .  To  a id  in  i n d e x i n g  
t h e  p o w d e r  p a t t e r n ,  severa l  d o u b l e - e x p o s u r e  p h o t o g r a p h s  
were  m a d e  b y  r e c o r d i n g  b o t h  t h e  s ing le -c rys t a l  r o t a t i o n  
p a t t e r n  a n d  t h e  I ) e b y e - S c h e r r e r  p o w d e r  p a t t e r n  on  t h e  
s a m e  p iece  of f i lm,  w i t h  i ron  Ka r a d i a t i o n .  

T h e  p o w d e r  d i f f r a c t i o n  p a t t e r n  a n d  l a t t i c e  p a r a m e t e r s  
a re  g i v e n  in T a b l e  1. B a c k  re f l ec t ion  l ines  f r o m  th i s  
p a t t e r n  were  u s e d  to  ca l cu l a t e  t h e  l a t t i c e  p a r a m e t e r s ,  
b y  t h e  c o m p u t e r  m e t h o d  of Muel ler ,  H e a t o n  & Miller  
(1960), a n d  t h e  a c c u r a c y  of t h e  i n d e x i n g  was  c h e c k e d  
b y  c o m p u t i n g  t h e o r e t i c a l  d -va lues  b y  m e a n s  of t h e  
c o m p u t e r  p r o g r a m  of Muel ler ,  M e y e r  & S i m o n s e n  (1962). 

Eu2SiOa a p p e a r s  to  h a v e  a v e r y  u n u s u a l  c ry s t a l  
s t r u c t u r e ,  t h e  long  b axis  be ing  of p a r t i c u l a r  i n t e r e s t .  
On  f i r s t  e x a m i n a t i o n  of r o t a t i o n  p h o t o g r a p h s  t a k e n  
a b o u t  th i s  axis ,  s t r o n g  l aye r  l ines  were  seen  w h i c h  g a v e  

d 1/1 o 
4.87 20 
4-011 50 
3.317 10 
3.262 70 
2.995 35 
2.940 16 
2.862 100 
2.824 80 
2.807 100 
2.718 3 
2.549 12 
2.428 3 
2.386 12 
2.309 20 
2.294 25 
2.291 40 
2.207 5 
2.152 7 
2.126 20 
2.039 25 
2.010 25 
1.906 5 
1.873 6 
1.836 5 
1.824 14 
1.780 12 
1.753 2 
1-705 8 
1-663 18 
1.640 16 
1.629 18 
1.621 25 
1.581 4 
1.562 14 
1.520 7 

T a b l e  1. X-ray data for Eu~SiO4 

hkl d I / I  o 
101 1.500 3 

171 ; 270 1.482 2 
1,14,0 1.458 3 

271 1.433 5 
0,14,1 1.424 3 

370 1.414 9 
1,14,1 ; 2,14,0 1.406 6 

002 1.361 6 
301 1.360 6 
052* 1.353 3 

2,14,1 1-306 6 
400 1-299 3 

3,14,0 1.290 2 
272 1.279 10 
470 1.275 6 

1,21,0 1.260 5 
0,14,2 1.225 2 
1,14,2 1.204 5 

471 1.196 5 
372 1.180 14 

2,14,2 1.129 3 
3,21,0 1.123 4 

570 1.102 8 
501 1-089 7 

3,14,2 1.088 10 
472; 1,21,2; 571 1.078 3 

223* 1-072 3 
273; 5,14,0 1.069 8 

1,28,1; 0,14,3; 2,28,0 1-062 2 
1,14,3 1.046 2 

3O3 1.020 2 
4,21,1 ; 600 1-016 3 

3,21,2 1-008 2 
572 0.9915 6 
671 0.9769 5 

* Reflections from weak layers wi th  k ~= 7n. 

Or thorhombic :  a----9.713, b----49.56, c----5.652 A .  

hkl 
0,28,2; 3,28,1 

1,28,2 
473 

2,28,2 
6,14,1 

0O4 
6O2 

3,28,2 
1,35,1 ; 2,35,0 

503; 701 
6,14,2 
1,14,4 
0,28,3 
1,28,3 

374 
4,21,3 
2,35,2 

474; 1,21,4 
4,35,1 
0,42,0 

574 
4,35,2 

2,35,3; 872 
0,42,2 

275; 3,42,1; 5,14,4 
0,14,5; 2,28,4 

1,14,5 
3O5 

5,35,2 
3,28,4 
6,14,4 
9,14,1 

873 
1,49,1 ; 2,49,0 

505; 2,49,1 
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a lat t ice spacing of about  7.07 A. However,  close ex- 
amina t ion  always showed the presence of two weak 
layer  lines posit ioned in such a way  between each pair  
of s t rong lines t h a t  the  pa t t e rn  could only be indexed 
b y  designat ing the strong layers k = 7 n  and the weak 
layers k = 7 n _  2. Thus the observed layer  lines follow 
the  numerical  sequence k =0,  2, 5, 7, 9, 12, 14 . . . . .  and 
the  t rue  repeat  distance along the b axis is seven t imes 
7.07 A, i.e. ~-~ 49-5 A. This same effect was seen in 
Weissenberg photographs  obtained from crystals ro ta ted 
about  the  a axis, and was especially noticeable a t  h igh 
angles on upper  level photographs.  However,  only two 
reflections from the weak k = 7n + 2 layers appeared in 
powder pat terns ,  these being the 052 and 223 reflections. 

The significance of these unusual  diffraction effects 
is no t  ye t  completely understood.  Similar effects have 
been reported for various plagioclase felspars by  Chao 
& Taylor  (1940) and  Cole, S6rum & Taylor  (1951), 
and have  been a t t r ibu ted  to layer ing in the crystal  
s tructure.  Thus i t  is believed t h a t  the s t ructure  of 
Eu~Si04 m a y  be layered along the b axis, wi th  the 
layering, and hence the t rue b parameter ,  repeat ing every 
seven layers. Such a s t ructure would contain 4 formula 
uni ts  of Eu~SiO4 in each pseudo-cell layer, and 28 uni ts  
in the  complete un i t  cell. This leads to a theoretical  
densi ty  of 6.77 g.cm -a, in very  good agreement  wi th  
the value of 6.74 g.cm -3 measured from single crystals.  

Petrographic  analyses of the  orange-yellow crystals  

showed Eu2SiO 4 to be biaxial  positive, hav ing  an  optic 
angle 2 V = 2 5  ° and refractive indices N x = l - 8 9  and 
N z = l ' 9 2 .  Ny is approx imate ly  1.90. 

This paper  originated from work sponsored by  the  
Fuels and Materials Development  Branch,  U.S. Atomic 
Energy  Commission, under  Contract  AT(40-1)-2847. 
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Evans  (1952) determined the corrections for absorpt ion 
for pr ismatic  crystals dividing the cross section into 
t r iangular  and  paral lelogram-shaped areas within which 
can be in tegrated the original equat ion:  

I Vexp ( -- #t) d V 
Z -- 

V 

Noth ing  has been said for the special case when the 
angle between the X- ray  beam and  a crystal  face is 
equal to 0 (Bragg angle). 

1 
t4 XZ ~1 

Fig. 1. Case (1) full line; case (2) dashed line; 
case (3) dotted line. 

When  such a relat ion is established between the X - r a y  
beam and the crystal  face, and the cross section of the 
crystal  is rectangular  (Fig. 1), then  there are three 
possible solutions for the original integral  according to:  
(1) cot O>a/b; (2) cot O>a/2b; (3) cot O<a/2b. 

(1) When  cot 0 > a/b, 

1 +/~A + [  - 1 -2 /xA + (2AB -~A~)# 2] exp ( - /xA)  
T = 2#2A B 

(2) When  cot 0 > a/2b, 

1 + # A  A- [3 +2#A -4#B + ½#2(2B - A )  2] 
T = x e x p  ( - ~ u A ) - 4  exp (-~uB) 

2#2AB 

(3) When  co~ 0 < a/2b, 

(3 - /~A + 2/xB) exp ( - 2 # B )  + 1 - 4 e x p  ( - # B )  +/xA 
T = 2#~A B 

where A =a/cos  0 and B =b/sin O. 
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