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c o m p a r i s o n s  to  be m a d e  of d e t e c t a b i l i t y .  F o r  e x a m p l e ,  
we a s s u m e  t h a t  t h e  X - r a y  d a t a  go o u t  to  t h e  c o p p e r  l imi t  
(s o =8"2  A -~) a n d  t h a t  t h e  e l ec t ron  d i f f r ac t i on  d a t a  go 
o u t  to  a t y p i c a l  va lue  of 10 A -~. W e  a s s u m e  t h a t  t h e  
W t e m p e r a t u r e  f a c t o r  is 0"5 A 2, t h e  C 1 A ~, a n d  t h e  
H 3 A 2. T h e n  we o b t a i n  for  t h e  ra t ios  of p e a k  h e i g h t s *  

t h r e e - d i m e n s i o n s  X - r a y s  H : C : W -- 1 : 20 :--~ 480 
e l ec t rons  = 1 : 7 : 58 

t w o - d i m e n s i o n s  X - r a y s  = 1 : 14 : 340 
e l ec t rons  = 1 : 6 : 43 

* Our calculations on H, C, and W have verified tha t  
Vainshtein 's  (1956) semi-empirical me thod  of comput ing  
central  quanti t ies  such as peak heights and curvatures is 
reliable to within 25%. 

F r o m  the se  r a t ios  we c o n c l u d e  t h a t  t h e  a d v a n t a g e  of 
u s ing  e l ec t rons  r a t h e r  t h a n  X - r a y s  for  t h e  d e t e c t i o n  of 
l igbt  a t o m s  in t he  p r e sence  of h e a v y  a t o m s  is s t r ik ing .  
T h e s e  ra t ios  of p e a k  h e i g h t s  s eem m o r e  in k e e p i n g  wi th  
e x p e r i e n c e  t h a n  do t h e  ra t ios  of p e a k  v o l u m e s .  
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I n  a p r o g r a m  of i n v e s t i g a t i o n  of t m u s u a l  va l ence  s t a t e s  
of l a n t h a n i d e  c o m p o u n d s ,  T m O I  was  o b t a i n e d  d u r i n g  
p r e p a r a t i o n  of T m I  2 (Asprey  & Kruse ,  1960). P u r e  
s a m p l e s  of a n h y d r o u s  S m O I ,  T m O I ,  a n d  Y b O I  h a v e  
been  p r e p a r e d  for  p u r p o s e s  of i den t i f i c a t i on .  Subse-  
q u e n t l y ,  ana lys i s  of t he i r  c ry s t a l  s t r u c t u r e s  was  ca r r i ed  
o u t .  

T h e  o x y i o d i d e s  are  p r e p a r e d  by  e v a p o r a t i o n  of t h e  
t r i i od ide  s o l u t i o n  a n d  h e a t i n g  t h e  r e s idue  as de sc r i bed  
b y  A s p r e y  & K r u s e  (1960). I n  a s l igh t ly  d i f f e r e n t  p r e p a r a -  
t ion ,  a s o l u t i o n  of l a n t h a n i d e  t r i i od ide  was  s a t u r a t e d  w i t h  
N H 4 I  a n d  e v a p o r a t e d  to  d rynes s .  T h e  r e s u l t a n t  r e s idue  
was  d r i e d  a n d  a n n e a l e d  u n d e r  v a c u u m  in a q u a r t z  
cap i l l a ry  a t  550 °C. ove r  n i g h t  to  r e m o v e  NI-I4I a n d  
r e s idua l  l a n t h a n i d e  t r i iod ide .  T h e  X - r a y  p o w d e r  sho t s  
were  m a d e  us ing  a s t a n d a r d  114.5 r am.  Nore lco  c a m e r a  
a n d  Cu Ka r a d i a t i o n .  

T h e s e  l a n t h a n i d e  o x y i o d i d e s  c rys ta l l i ze  in t h e  t e t r ag -  
ona l  PbFC1 s t r u c t u r e  t y p e ,  as do  a n u m b e r  of o t h e r  
l a n t h a n i d e  a n d  a c t i n i d e  o x y h a l i d e s  (Wyckof f ,  1960). 
T h e  u n i t  cell d i m e n s i o n s  for  t h e  t h r e e  o x y i o d i d e s  are  
g i v e n  in T a b l e  1. 

Tab l e  1. Unit-cell dimensions of lanthanide oxyiodides 
Structure  type :  PbFC1 

Tetragonal  space group, P4/nmm-D~h 
a 0 c O 

SmOI 4.008±0.005 A 9.192_+0.008 A 
T m O I  3.887_+0.001 9"166±0.002 
YbOI 3.870_+ 0.006 9.161 _+ 0.008 

Previously reported oxyiodides (Wyckoff, 1960) 
BiOI 3.985 A 9.129 A 
LaOI 4.144 9.126 
PuOI  4.042 9.169 

T h e  s a m p l e  of T m O I  was  of m o r e  i m m e d i a t e  c o n c e r n  

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

t Present  address:  Hughes  Research Laboratories,  Hughes 
Aircraft Co., Culver City, California. 

a n d  gave  t h e  bes t  p o w d e r  p a t t e r n s ,  c o n s e q u e n t l y  p a r a m -  
e t e r  va lues  were  d e t e r m i n e d  to  c o m p a r e  c a l c u l a t e d  w i th  
o b s e r v e d  in tens i t i e s .  T h e  f inal  p a r a m e t e r s  o b t a i n e d  for  
T m O I  are  g i v e n  in Tab l e  2 a long  wi th  p a r a m e t e r s  
r e p o r t e d  for  L a O I ,  P u O I  a n d  BiOI .  T a b l e  3 p r e s e n t s  
t he  p e r t i n e n t  i n t e r a t o m i c  d i s t a n c e s  for  T m O I .  T h e  
d i s t ance s  all fall  w i t h i n  r anges  a n t i c i p a t e d  for  t he se  ions  
e x c e p t  for  t h e  r e l a t i ve ly  s h o r t  I - I  d i s t a n c e  of 3.89 /~. 
H o w e v e r ,  t h e  o t h e r  i s o s t r u c t u r a l  o x y h a l i d e s  s h o w  tb is  
s a m e  s h o r t e n i n g  of t h e  h a l o g e n - h a l o g e n  d i s t a n c e s  b , -  
t w e e n  a d j a c e n t  h a l o g e n  layers .  

Tab l e  2. Atomic position parameters for T m O I  and 
previously reported M O I  structures 

Space group positions: O (a): 0, 0, 0; ½, ½, 0 

T m O I  : 
LaOI : 
PuOI  : 
BiOI : 

I (c): 0,½, u; ½,0,~ 
M(c):  0,½, u; ½,0 ,~  

U~ = 0-680 UTm = 0.125 
UI ---- 0-660 ULa = 0.135 
UI ---- 0.67 Upu = 0.13 
UI ---- 0.668 UBi = 0.132 

Tab l e  3. Interatomic distances in T m O I  
(In A, all ± 0.02) 

T m - T m  3.58; 3.89 I - I  3.89; 4.29 
T m - I  3.28 I -O 3.52 
T m - O  2.26 O-O 2.75; 3"89 

A t a b u l a t i o n  of t h e  p a r t i a l  p o w d e r  X - r a y  d i f f r ac t ion  
p a t t e r n s  of S m O I ,  T m O I ,  a n d  Y b O I  is g i v e n  in T a b l e  4. 
T h e  r e l a t i ve  p e a k  in t ens i t i e s  a re  e s sen t i a l ly  t h e  s a m e  for  
all t h r e e  s amples .  T h e  Io has  b e e n  co r r ec t ed  for  a b s o r p t i o n  
b y  a cy l ind r i ca l  p o w d e r  s p e c i m e n  w i t h  pr=20.O. An 
i s o t h e r m a l  overa l l  t e m p e r a t u r e  f a c t o r  c o r r e c t i o n  w i th  
fl = 2 . 0  was  i n c l u d e d  in t h e  Ic. 
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T a b l e  4 .  Partial powder X-ray diffraction patterns of T m O I ,  S m O I ,  a n d .  Y b O I  

T m O I  S m O I  Y b O I  

hkl I c *  I o ~  dc do dc do dc do 
0 0 1  15  17  9 . 1 6 6  A 9 . 1 4 9  /~  9 - 1 9 2  /~ 9 . 1 8 0  /~ 

0 0 2  2 2 4 - 5 8 3  4 . 5 8 3  4 . 5 9 6  4 . 5 4 5  
1 0 1  < 1 2 3 . 5 7 9  3 . 6 0 2  3 . 6 7 4  - -  
0 0 3  < 1 - -  3 - 0 0 5  - -  3 . 0 6 4  - -  

1 0 2  1 0 0  1 0 0  2 . 9 6 4  2 . 9 4 6  3 . 0 2 1  3 . 0 0 6  2 - 9 5 6  A 2 . 9 6 3  /k 
1 1 0  5 9  5 4  2 . 7 4 8  2 . 7 3 2  2 . 8 3 4  2 . 8 2 3  2- 7 3 7  2 . 7 3 7  

1 1 1  3 2 2 . 6 3 3  2 . 6 1 4  2 . 7 0 8  2 . 5 7 5  2 - 6 2 2  2 . 6 2 5  
1 0 3  2 4  2 6  2 . 4 0 2  2 . 3 8 7  2 . 4 3 4  2 . 4 2 1  2 . 3 9 7  2 . 4 0 9  
1 1 2  10  6 2 . 3 5 7  2 . 3 4 6  2 . 4 1 2  2 . 4 1 8  2 . 3 4 9  

0 0 4  11 5 2 . 2 9 1  2 . 2 8 2  2 . 2 9 8  2 - 2 9 4  2 . 2 9 0  2 - 2 5 0  
1 1 3  < 1 - -  2 . 0 4 3  - -  2 . 0 8 1  - -  2 - 0 3 8  
1 0 4  1"1 6 1 . 9 7 4  1 - 9 6 4  1 . 9 9 4  2 . 0 0 1  1 -971  

2 0 0  3 4  3 8  1 . 9 4 3  1 . 9 3 6  2 . 0 0 4  2 . 0 5 6  1 - 9 3 5  1 . 9 3 8  
2 0 1  5 6 1 . 9 0 1  1 . 8 9 4  1 - 9 5 8  - -  1 . 8 9 3  1 . 8 9 6  

0 0 5  8 7 1 . 8 3 3  1 . 8 2 8  1 - 8 3 8  1 . 8 3 8  1 . 8 3 2  1 . 8 5 4  
2 0 2  3 - -  1 . 7 8 9  - -  1 . 8 3 7  - -  1 . 7 8 2  - -  

1 1 4  2 5  2 0  1 . 7 6 0  1 . 7 5 4  1 . 7 8 5  1 . 7 8 1  1 . 7 5 6  1 - 7 6 4  
2 1 1  < 1 - -  1 . 7 0 8  - -  1 . 7 5 9  - -  1 . 7 0 ]  - -  
1 0 5  2 - -  1 - 6 5 8  - -  1 - 6 7 1  - -  1 . 6 5 6  - -  
2 0 3  < 1 - -  1 . 6 4 0  - -  1 . 6 7 7  - -  1 . 6 3 4  - -  

2 1 2  6 6  6 6  1 . 6 2 5  1 . 6 2 1  1 . 6 7 0  1 . 6 6 7  1 . 6 1 9  1 - 6 2 2  

0 0 6  2 - -  1 . 5 2 8  - -  1 . 5 3 2  - -  1 . 5 2 7  1 . 5 2 9  
1 1 5  2 2  2 4  1 . 5 2 5  1 . 5 2 2  1 . 5 4 2  1 . 5 4 1  1 . 5 2 2  1 - 5 2 9  
2 1 3  19  19  1 . 5 1 1  1 . 5 0 8  1 . 5 4 7  1 . 5 4 9  1 . 5 0 6  1 . 5 1 0  
2 0 4  l l  9 1 . 4 8 2  1 . 4 7 9  1 . 5 1 0  1 . 5 0 7  1 - 4 7 8  1 . 4 8 5  
1 0 6  4 5 1 . 4 2 2  1 - 4 1 9  1 - 4 3 1  1 . 4 2 7  1 . 4 2 0  - -  
2 1 4  10  7 1 " 3 8 5  1 " 3 8 5  1 " 4 1 3 ]  1 . 3 8 1  ~ 
2 2 0  14  2 3  1 . 3 7 4  1 . 3 7 2  1 . 4 1 7  / 1 - 4 1 6  1 - 3 6 8  1 . 3 7 2  

2 2 1  2 4 1 . 3 5 9  1 . 3 8 6  1 - 4 0 0  - -  1 - 3 5 3  - -  
1 1 6  3 - -  1 . 3 3 5  - -  1 . 3 4 8  - -  1 . 3 3 3  - -  

2 0 5  15 1 4  1 . 3 3 4  1 . 3 3 2  1 . 3 5 5  1 . 3 5 3  1 . 3 3 0  1 . 3 3 8  
2 2 2  2 - -  1 . 3 1 6  - -  1 . 3 5 4  - -  1 . 3 1 1  - -  

0 0 7  2 - -  1 . 3 0 9  - -  1 . 3 1 3  - -  1 . 3 0 9  - -  

3 0 1  < 1 - -  1 . 2 8 3  - -  1 . 3 2 2  - -  1 - 2 7 7  - -  
2 1 5  1 - -  1 . 2 6 1  - -  1 . 2 8 3  - -  1 - 2 5 8  - -  

2 2 3  < 1 - -  1 . 2 5 3  - -  1 - 2 8 6  - -  1 . 2 4 9  - -  
3 0 2  17  18  1 . 2 4 7  1 . 2 4 6  1 . 2 8 3  1 . 2 8 4  1 . 2 4 2  
1 0 7  13  13  1 . 2 4 1  1 . 2 3 9  1 . 2 4 8  1 . 2 4 6  1 . 2 4 0  1 . 2 4 6  

3 1 0  18  17 1 . 2 2 9  1 . 2 2 9  1 - 2 6 7  1 - 2 6 8  1 . 2 2 4  1 - 2 2 7  
3 1 1  3 2 1 . 2 1 8  1 . 2 2 5  1 . 2 5 6  - -  1 - 2 1 3  - -  

2 0 6  3 - -  1 - 2 0 1  - -  1 . 2 1 7  " - -  1 - 1 9 9  1 . 1 9 8  
3 0 3  5 8 1 . 1 9 3  1 . 2 0 7  1 . 2 2 5  1 - 2 2 4  1 . 1 8 8  - -  
3 1 2  4 - -  1 - 1 8 7  ~ 1 . 2 2 2  - -  1 . 1 8 2  - -  
1 1 7  3 - -  1 - 1 8 2  - -  1 - 1 9 1  - -  1 -181  - -  

2 2 4  7 7 1 . 1 7 8  1 . 1 7 7  1 - 2 0 6  1 - 2 0 6  1 . 1 7 5  - -  

2 1 6  4 2 I .  1 4 7  1 - 1 4 6  1 . 1 6 5  1 - 1 6 5  1 . 1 4 5  - -  
0 0 8  < 1 - -  1 . 1 4 5  - -  1 . 4 9 0  - -  1 - 1 4 5  - -  

3 1 3  < 1 - -  1 . 1 4 0  - -  1 . 1 7 1  - -  1 - 1 3 6  - -  
3 0 4  2 2 1 . 1 2 8  1 . 1 2 7  1 . 1 5 5  1 - 1 5 6  1 . 1 2 4  - -  
2 2 5  8 1 0  1 . 1 0 0  1 " 0 9 9  1 - 1 2 2  1 - 1 2 3  1 - 0 9 6  - -  
1 0 8  < 1 - -  1 . 0 9 9  - -  1 - 1 0 4  - -  1 . 0 9 8  - -  

2 0 7  3 - -  1 . 0 8 6  - -  1 . 0 9 8  1 . 0 8 1  1 - 0 8 4  ] 1 . 0 8 3  
3 1 4  13  1 4  1 . 0 8 3  1 . 0 8 3  1 - I 1 0  1 - 1 1 1  1 - 0 7 9  
3 2 1  < 1 - -  1 . 0 7 1  - -  1 . 1 0 4  - -  1 . 0 6 6  - -  

3 0 5  < l - -  1 . 0 5 g  ~ 1 . 0 S l  ( 3 2 2 )  1 - 0 5 5  - -  
1 1 8  1 - -  1 . 0 5 7  - -  1 . 0 6 5  - -  1 . 0 5 6  - -  

3 2 2  21  2 2  1 . 0 4 9  1 - 0 4 9  1 . 0 8 0  1 . 0 8 1  1 . 0 4 5  
2 1 7  1 8  2 6  1 . 0 4 6  1 - 0 4 6  1 . 0 5 9  1 . 0 5 9  1 . 0 4 4  1 . 0 4 8  

2 2 6  2 - -  1 . 0 2 2  - -  1 - 0 4 0  ( 3 2 3 )  1 - 0 1 9  
3 1 5  1 4  18  1 . 0 2 1  1 . 0 2 1  1 . 0 4 3  ( 3 2 3 )  1 . 0 1 8  / 1 . 0 1 9  
0 0 9  2 ~ 1 . 0 1 8  - -  1 . 0 2 1  - -  1 - 0 1 8  
3 2 3  7 1 0  1 - 0 1 7  1 . 0 1 7  1 . 0 4 5  1 . 0 4 4  1 . 0 1 3  - -  
3 0 6  2 - -  0 . 9 8 8  - -  1 . 0 0 7  - -  0 . 9 8 5  - -  

* C a l c u l a t e d  i n t e n s i t i e s  n o r m a l i z e d  t o  y i e l d  s t r o n g e s t  I---- 1 0 0 .  

t R e l a t i v e  p e a k  i n t e n s i t i e s  a b o v e  b a c k g r o u n d  f r o m  d e n s i t o m e t e r  m e a s u r e m e n t s .  V e r y ,  v e r y  
g i v e n  a r e l a t i v e  v a l u e  o f  2 o n  t h i s  s c a l e .  

w e a k  o b s e r v e d  l i n e s  h a v e  b e e n  


