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C R Y S T A L  S T R U C T U R E S  O F  A M E R I C I U M  C O M P O U N D S 1

D .  H .  T e m p l e t o n  a n d  C a r o l  H .  D a u b e n  

D e p a r t m e n t  o f  C h e m i s t r y  a n d  R a d i a t i o n  L a b o r a t o r y  

U n i v e r s i t y  o f  C a l i f o r n i a ,  B e r k e l e y ,  C a l i f o r n i a

F e b r u a r y  3 ,  1 9 5 3  

A B S T R A C T

T h e  c r y s t a l  s t r u c t u r e s  o f  s e v e r a l  c o m p o u n d s  o f  a m e r i c i u m ,  e l e m e n t  

9 5 ,  h a v e  b e e n  d e t e r m i n e d  b y  t h e  X - r a y  p o w d e r  d i f f r a c t i o n  m e t h o d .

A i s F ^  i s  h e x a g o n a l  ( L a F ^  t y p e )  w i t h

a =  4 .  0 6 7  t  0.001 X 

a n d  c  «  7 .  2 2 5  t  0 . 0 0 2  Si

f o r  t h e  p s e u d o c e i l  w h i c h  e x p l a i n s  t h e  p o w d e r  d a t a .  A m O ^  i s  c u b i c  

( C a F ^  t y p e )  w i t h  1

a =  5 .  3 8 )  t  0.001 X 

A m O C l  i s  t e t r a g o n a l  ( P b F C l  t y p e )  w i t h

a  =  4 . 0 0 + O . O l X ,  

c  =  6 . 7 8  t  0 . 0 1  X.

T h e  m e t a l  p a r a m e t e r  l a  0 . 1 8  t  0 . 0 1 .  A n r ^ O j  i e  c u b i c  w h e n  p r e p a r e d  

a t  6 0 0 °  C .  a n d  h e x a g o n a l  w h e n  p r e p a r e d  a t  8 0 0 °  C .  F o r  t h e  c a b l e  f o r m

( M n 2 ? 3  t y ? e )

a =  1 1 . 0 3  t o .  0 1  X.

T h e  m e t a l  p a r a m e t e r  l a  - 0 . 0 3 0  t  0 . 0 0 2 .  F o r  t h e  h e x a g o n a l  f o r m  ( L a j O j

t y p e )

a  =  3 . 8 1 7  t  O . O O S X ,  

c = 5 . 9 7 1 1 0 . 0 1 0  X.

' T h l e  r e a e a r c h  w a e  p e r f o r m e d  u n d e r  t h e  a u e p i c e a  o f  t h e  A E C .

C O N t ^ ^ A L
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C R Y S T A L  S T R U C T U R E S  O F  A M E R IC IU M  C O M P O U N D S

D . H . T e m p l e t o n  a n d  C a r o l  H . D a u b e n  

D e p a r t m e n t  o f  C h e m i s t r y  a n d  R a d i a t i o n  L a b o r a t o r y  

U n i v e r s i t y  o f  C a l i f o r n i a ,  B e r k e l e y ,  C a l i f o r n i a

F e b r u a r y  5 , 1953

In  c o o p e r a t i o n  w i th  P r o f e s s o r  B .  B . C u n n in g h a m  a n d  h i s  s t u d e n t s ,  

w e  h a v e  b e e n  o b s e r v i n g  t h e  x - r a y  d i f f r a c t i o n  p a t t e r n a  o f  v a r i o u s  

c o m p o u n d s  o f  a m e r i c i u m ,  e l e m e n t  9 5 .  T h e  i s o l a t i o n  o f  a m e r i c i u m  

p r o d u c e d  b y  t h e  b e t a  d e c a y  o f  P u * * *  h a s  b e e n  d e s c r i b e d  b y  

C u n n in g h a m .  *

(2 )  B . B .  C u n n i n g h a m ,  N a t i o n a l  N u c l e a r  E n e r g y  S e r i e s ,  P l u t o n i u m  

P r o j e c t  R e c o r d ,  V o l .  14 B , " T h e  T r a n s u r a n i u m  E l e m e n t s :  R e s e a r c h  

P a p e r s , " P a p e r  N o . 1 9 .2 ,  M c G r a w - H i l l  B o o k  C o . ,  I n c . ,  N e w  Y o r k ,  

N .  Y . ,  1 9 4 9 .

P r i o r  t o  1 9 4 8  t h e  p u r i f i c a t i o n  w a s  u s u a l l y  t e r m i n a t e d  w h e n  t h e  

i m p u r i t i e s  ( c h i e f l y  l a n t h a n u m )  w e r e  r e d u c e d  t o  o n e  o r  t w o  p e r c e n t .  

S in c e  t h a t  t i m e  t h e r e  h a v e  b e e n  a v a i l a b l e  a m e r i c i u m  s t o c k s  o f  m u c h  

h i g h e r  p u r i t y .  *  I n  t h i s  p a p e r  w e  r e p o r t  o u r  r e s u l t s  c o n c e r n i n g  t h e

O )  H . R .  L o h r  a n d  B .  B . C u n n i n g h a m ,  J .  A m . C h e m .  S o c .  7 3 , 

2 0 2 5 - 2 8  (1 9 5 1 ) .

(4 )  L .  E y r i n g ,  H . R .  L o h r ,  a n d  B .  B . C u n n in g h a m ,  J .  A m .  C h e m .  

S o c .  7 4 , 1 1 8 8 -9 0  (1 9 5 2 ) .

■

ip

aB
■

,

we***"

c r y s t a l  s t r u c t u r e s  o f  A m F ^ ,  A x n O ^ , A m O C l ,  a n d  tw o  f o r m s  o f  Am^Gk^.
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A m e ric ium  T r l f lu o r ld e  

A m e r ic ium  t r l f l u o r l d e  w i t  p r e p a r e d  by  D r .  L . E ye in g  1 1  

d e s c r ib e d  e l s e w h e r e .* S em p le  A  (T ab le  I) w a s  p in k  la  c o lo r ,

(5) E . G. W es trum  an d  L . E y rln g , J .  A m . C ham , Soc. 73, 3 3 9 6 -9 8  

(1951).

l ik e  th a t  d e s c r ib e d  b y  T r i e d .*  S am p le  B w ae  a  su b seq u en t p r e p a r a t io n

(6) S . T r ie d ,  J .  A m . C h em . Soc. 73. 416-18 (1931).

w h ich  w as  g re y  o r  la v e n d e r  in  c o lo r .  I ts  d i f f r a c t io n  p a t te r n  w as  

a lm o s t  id e n tic a l  w ith  th a t  o f  S am p le  A . S am p le  C w as  p r e p a r e d  b y  

D r .  J .  C . Wa 11matm f r o m  th e  v e ry  p a r e  a m e r ic iu m  n i t r a t e  e o la t io n  

u s e d  b y  H ow land  a n d  C a lv in  fo r  th e i r  m a g n e tic  I n v e s t ig a t io n .7

(7) J .  J .  How land an d  M . C a lv in , J .  C h em . P h y s .  18, 2 3 9 -4 3  (1950).

8 om e  o f th i s  am e r ic iu m  w as  p r e c ip i ta te d  a s  th e  h yd rox id e  a n d  h e a te d  

w ith  oxygen  to  523 °  C . I t  w a s  th e n  h e a te d  in  h y d ro g en  f lu o r id e  to  715° C . 

T h e  p ro d u c t w a s  p in k  b u t a f t e r  a  w eek , p a r t  o f  I t  h ad  tu rn e d  y e llow . 

S am p le  C  c o n s is te d  o f  s o m e  o f th i s  y e llow  m a te r i a l .

W ith  e a c h  o f th e  t h r e e  s am p le s  a n  e x c e l l e n t  p ow der d i f f r a c t io n

g
p a t t e r n  w as  o b ta in e d  c o r r e s p o n d in g  to  th e  L aT ^ - ty p e  s t r u c t u r e .

( ! )  I . O fteda l, Z . p h y s ik .  C h em . B 5. 272 -91  (1929)t B 13 , 190 -200  

U931).



Tito unit cell dimensions listed In Table 1 r t (* f  to tHo hexagonal

peeodo-cell containing two americium atoms. This call accounts

for ail tbs diffraction linos observed la tbs powder patterns. Faint

8 9
reflections in tIngle c ry s ta l  p a tte rn s ’ requ ire an a axis which Is

(9) We have observed these weak reflections for a tingle crysta l 

of p a re  synthetic CeF y  showing that the effect in tysonite* is not 

due to ordering between the cerium and lanthanom atoms.

/ !  tim es as large as those listed in Table L Zacharlaeen10' 11 f irs t

(10) W. H. Zacharlaeen, Phye. Rev. 73. U04-5 (1948). 

(U) W. H. Zacharlaeen, Acta Cryst. 2, 388*90 (1949).

obaerved this structure for americium trifluoride and has reported two 

se ts  of cell dimensions based on samples of uncertain parity. H it 

re su lts  (corrected from  kX units) are  included in the table. Our th ree 

tem p le t disagree by only slightly more than the estimated lim its of e rro r. 

Since the material prepared by Wailmann i t  likely to be of the highest 

purity , we adopt aa our beet valuee a  • 4.007 X and c « 7.225 X for the 

pseudo-cell. For the larger cell, s j»  7. 044 X. The change from 

Zacharlesea 's values is  not sufficient to affect his ionic radius for 

A m ^ , 0.99 X 12 We attach no structural significance to the color

(12) W. H. Zacharlaeen, American Crystallographic Association, 

Abstracts of Meeting, Pennsylvania State College, April 10*12, 1950.

changes but attribute them to surface effects of eome kind.
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Table I

Unit Cell Dimensions fo r  Americium  T rifluoride

Sample c (X)

A* 4. 069 t  0.001 7.229 t-0 .0 0 2

B* 4.069  t  0.001 7.229 t  0.002

C* 4 .067  t o .  001 7.221 1 0.002

ZacHarlasen10** 4 .07$  t  0.002 7. 2)9 t  0.004

Zacharlasen**' * 4 .0 8 1 1 0.002 7 .2 491 0.004

a Based on Cu K a, X « 1.5418 X.

b C orrec ted  from  kX units.
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A m e r ic iu m  Dioxide

The black americium dioxide was shown by Zachariaeen to have 

the fluorite type structure. ^  For samplee of uncertain purity, 

the edge of the cubic unit cell was found to be 5. 372 t  0. 005 kX and 

5. 377 t  0. 003 kX. We have examined by x-ray diffraction several 

americium dioxide samples, th ree of which were especially well 

crystallised and gave excellent powder patterns. Sample A (Table 11) 

was prepared by Dr. L. B. Asprey by ignition of the nitrate in air. . 

The americium stock which was used may have contained a few per

cent lanthanum. Sample B was prepared by Eyring from a much purer 

americium stock by heating the oxalate in air. * Some of this material 

subsequently was heated in a small quarts bomb to 500° C. with 

oxygen at 90 atm. pressure; the product is designated as sample C.

The values observed for the unit cell dimension are  compared in 

Table 1L The results for samples B and C show that the high 

pressure oxidation produces no significant change in the composition 

of this phase. Using the purer americium stock, Asprey and 

Cunningham^ measured the amount of oxygen absorbed by americium

(13) L. B. Asprey and B. B. Cunningham, to be published.

sesquioxide when heated in oxygen. The result corresponds to 

AmOx for the formula of the dioxide, with x * 1.98 - 0.02, if 

AmgOj is  the correct composition of the sesquioxide. Thus the 

''black dioxide" has very nearly the ideal composition, rather 

than an intermediate composition like the so-called Pr^O^.

The deviation of sample A from samples B and C, though small, 

is outside the experimental precision. The difference corresponds

* * * * *
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to an oxygen defect in sample A of 0. 01 O per Am, estim ated  from  the 

data of McCullough** for ra re  earth  oxide system s. This defect could

(14) J. D. McCullough, J. Am. Chem. Soc. 72, 1386-1390 (1950).

be the resu lt of an impurity of about 4 atom ic percent of a  triva len t 

ra re  earth  e lem ent (probably lanthanum) in sample A.

Table II

Unit Cell Dimension of Americium  Dioxide

Sample a (A)

A 5.387  ♦ 0.001*

B 5.383 t  0.001

C

Zachariasen10

Zachariasen**

5.383 t o . 001

5 .383  t  0.005tb  

5. 388 t  0 .003ab

aPurity  uncerta in  

bCorrected from  kX units.
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A m e r ic iu m  O x y c h lo r id e

A m e ric iu m  o x y c h lo r id e  w as  p r e p a r e d  b y  D r . L . B . A e p re y  b y  

a c c id e n ta l  c o n ta m in a t io n  in  an  e x p e r im e n t  d e s ig n e d  to  y ie ld  th e  

s e s q u io x id e  b y  h y d ro g e n  re d u c t io n  o l  th e  d io x id e . It w as  id e n t i f ie d  

b y  i t s  p o w d er d i f f r a c t io n  p a t te r n  w h ich  c o r r e s p o n d e d  to  th e  P b F C l  

ty p e  s t r u c t u r e , 15 w ith  th e  te t r a g o n a l  u n i t  c e l l  d im e n s io n s

(IS) W. N ieu w e n k am p  a n d  J .  If. B ijv o e t ,  Z . K r i s t .  81, 4 6 9 -4 7 4  

(1931).

a  -  4 . 00 t  0 . 01 A, c  = 6 . 78 t  0. 01 A. A  s e c o n d  sa m p le  w a s  p r e p a r e d

b y  C . W. K och b y  h e a t in g  A n ^ O ^  a t  5 0 0 °  C . in  a  m ix tu re  o f  HC1 an d

H g O  v a p o r . T h e  p a t t e r n  a g a in  c o r r e s p o n d e d  to  th e  u n it  c e l l  

d im e n s io n s  l i s te d  a b o v e .

T h e  a to m s  a r e  lo c a te d  in  th e  fo llo w in g  s p e c ia l  p o s i t io n s  o f  s p a c e  

g ro u p  — P 4 / n m m :

2 A m  in  (c )  : 0, 1 /2 , u ; 1 /2 , 0 , u

2 C l in  ( c )  : 0. l /2 ,  v ; 1 /2 , 0 , v  (

2 O  in  ( a )  : 0, 0, 0; 1 /2 , 1 /2 , 0 

C o m p a r is o n  o f  o b s e r v e d  w ith  c a lc u la te d  in te n s i t i e s  sh o w ed  th a t  

u  = 0 .18  t i ) .  01. T h e  in te n s i t ie s  a r e  n o t  v e r y  s e n s i t iv e  to  th e  v a lu e  

o f  v . We c h o o s e  v  * 0 .6 5  so  th a t  th e  C I - - 0  an d  C1--C1 d i s t a n c e s  a r e  

in  th e  r a t io  of th e  s u m s  o f th e  io n ic  r a d i i .  In  T a b le  III a r e  L isted  

o b s e rv e d  an d  c a lc u l a te d  in te n s i t ie s .  N o  c o r r e c t io n s  f o r  t e m p e r a tu r e  

o r  a b s o rp tio n  h a v e  b e e n  m a d e . In  t h i s  s t r u c t u r e  e a c h  a m e r i c iu m  io n  

h a s  fo u r  o x y g en  n e ig h b o r s  a t  2 .3 4  A, f o u r  c h lo r in e  n e ig h b o rs  a t  

3. OS A, a n d  o n e  c h lo r in e  a t  3 .18  A.

Z a c h a r  la s e n 1* g iv e s  u  » 0 .1 8  a n d  v  « 0 .6 4  f o r  th e  i s o s t r u c t u r a l  

. co m p o u n d  P u O C l.

.  ■! t
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Table HI

Powder D iffraction Data for AmOCl

hki •in* o
oba. ca lc .

4 intensity
calc.

001 — » 0.0129 - - - a 17

101
002

0.0501 0.0501 
0.0516

Vi4

110 0.0746 0.0743 a 30

111
102

0.0891 0.0872 
0.0887

va

” U

003 0.1163 0.1162 vw 4

112 0.1268 0.1259 n * 13

200 0.1493 0.1486 m i4

103 — 0.1538 m • • 1

201 0.1609 0.1615 vw 3

113 0.1913 0.1905 m - 11

211 0.1996 0.1987 m i 16 t

004 — 0. 2068 — 0 .2

212 0.2380 0.2374 15

104 0.2438 0. 2437 w 10

aNot on film .

%
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A m e ric iu m  S e sq u io x id e

A m e ric ium  s e sq u io x id e  w as p r e p a r e d  b y  E y rin g *  by  h e a tin g  

th e  b la c k  d io x id e  in  1 /3  a tm o sp h e re  o f  h y d ro g en  a t  ab ou t 6 0 0 °  C . 

fo r  h a lf  a n  h o u r .  T h e  p ro d u c t w as a  r e d d i s h  b row n  (p e rs im m o n )  

c o lo r .  It w as  f i r s t  id e n t if ie d  by  i t s  x  - r a y  d if f ra c t io n  p a t t e r n ,  w h ich  

c o r re s p o n d e d  to  th e  cu b ic  Mn^O^ type^  s t r u c tu r e ,  w ith  th e  c e l l

(16) L . P a u lin g  a n d  M . D. S h app e ll, Z . K r i s t .  75, 128-42 (1930).

c o n s ta n t  eq u a l to  11. 03  -  0 . 01 K. S u b seq u en t e x p e r im e n  i b y  

A sp re y  and  C u n n in g h am ^  c o n f irm ed  i t s  c om p o s itio n .

A no th e r  a m e r ic iu m  ox ide  w as p r e p a r e d  b y  C a r n ig l i a ^  b y  th e

(17) S. C a rn ig l ia ,  u n pub lish ed  w o rk .

ig n itio n  o f th e  o x a la te  a t  850° G, fo llow ed  b y  r e d u c t io n  w ith  1/6

a tm o sp h e re  o f  h y d ro g e n  a t abou t 800° C . T h e  r e s u l t in g  p a le  ta n

m a te r i a l  w as id e n t if ie d  a s  Am^O^ by  i t s  d i f f ra c t io n  p a t t e r n  w h ich

18
c o r r e s p o n d e d  to  th e  h ex agona l *yPe  r t r u c tu r e .

(18) L . P a u lin g , Z . K r is t .  69, 415-21 (1929).

T h e  d im e n s io n s  o f  th e  u n it  c e l l  a r e :

a  = 3 .817 t  0 .0 0 5  £  

c = 5 .971  t  0 .0 10  X

A  few  w eak  l in e s  a r e  a t t r ib u te d  to  som e  u n id e n tif ie d  im p u r i ty .

F o r  th e  m in e r a l  b ix b y ite , (F e , Un)^Oy  w h ich  i s  i s o s t r u c tu r a l  

w ith  th e  cub ic  A m ^ O y  P a u lin g  and  S h a p p e ll 1̂  g ive th e  a tom ic
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p o s i t i o n s  a s :

S p a c e  g r o u p  T ^ - - I a 3

3 2  m e t a l  a t o m s  i n  ( 0 t  0 ,  0 ;  1 / 2 ,  1 / 2 ,  1 / 2 )  4  

8 b :  ( 1 / 4 ,  1 / 4 ,  1 / 4 ;  1 / 4 ,  » / 4 .  3 / 4 ;  9  )

2 4 d :  t { u ,  0 ,  1 / 4 ;  9  ;  u ,  1 / 2 ,  1 / 4 ;  9  )  w i t h  u  =  - 0 . 0 3 0  +  0 . 0 0 5  

4 8  o x y g e n  a t o m .  i n  ( 0 ,  0 ,  0 ;  1 / 2 ,  1 / 2 ,  1 / 2 )  +

4 8 e :  t  ( x ,  y ,  * ;  9  ;  x ,  y ,  1 / 2  -  9  ;  1 / 2 - x ,  y ,  x ; 9  ;

x .  1 / 2  —  y ,  * ; 9  )

w i t h  x  =  0 .  3 8 5  t  0 .  0 0 5  

y  =  0 . 1 4 5  +  0 . 0 0 5  

z  =  0 . 3 8 0  t  0 . 0 0 5

T h e  o b s e r v e d  i n t e n s i t i e s  o f  t h e  c u b i c  A m ^ O ^  p a t t e r n ,  w h e n  c o m p a r e d  

w i t h  t h o s e  c a l c u l a t e d  f o r  v a r i o u s  v a l u e s  o f  t h e  p a r a m e t e r  u ,  f i x  t h a t  

p a r a m e t e r  a t  - 0 .  0 3 0  t  0 .  0 0 2 ,  i n  e x a c t  a g r e e m e n t  w i t h  t h e  r e s u l t  f o r  

b i x b y i t e .  T h i s  a g r e e m e n t  i s  a n  e x c e l l e n t  c o n f i r m a t i o n  o f  t h e  p r e v i o u s  

w o r k ,  s i n c e  t h e  c a l c u l a t i o n s  f o r  t h e  a m e r i c i u m  c o m p o u n d  a r e  l i t t l e  

i n f l u e n c e d  b y  t h e  p o s i t i o n s  c h o s e n  f o r  o x y g e n .  T h e  l i n e s  m o s t  u s e f u l  

i n  t h e  d e t e r m i n a t i o n  o f  t h e  p a r a m e t e r  w e r e  t h o s e  w i t h  h ^  4  h ^  + i ^  

e q u a l  t o  3 8 ,  4 6 ,  4 8 ,  6 2 ,  a n d  6 4 .  I n  T a b l e  I V  a r e  l i s t e d  t h e  o b s e r v e d  

i n t e n s i t i e s  f o r  t h e  c u b i c  A n ^ O ^  a n d  t h o s e  c a l c u l a t e d  f o r  t h e  p a r a m e t e r  

v a l u e s  l i s t e d  a b o v e  f o r  b i x b y i t e .  N o  c o r r e c t i o n  w a s  m a d e  f o r  

t e m p e r a t u r e  o r  a b s o r p t i o n .  I t  s h o u l d  b e  n o t e d  t h a t  i n  g e n e r a l  ( h k i )  

a n d  ( i k h )  h a v e  d i f f e r e n t  s t r u c t u r e  f a c t o r s .  I n  t h i s  s t r u c t u r e ,  e a c h  

a m e r i c i u m  a t o m  i s  s u r r o u n d e d  b y  s i x  o x y g e n  a t o m s  a t  a  d i s t a n c e  

o f  2 .  3 6  X .

N o  i n t e n s i t y  c a l c u l a t i o n s  h a v e  b e e n  c a r r i e d  o u t  f o r  t h e  

h e x a g o n a l  A m ^ O j ,  b u t  t h e  s i m i l a r i t y  o f  t h e  o b s e r v e d  i n t e n s i t i e s



UCRL-2101/ \ >  -14-
t

T able  IV

Powder D iffraction Data for Cubic Am^O^

h2 + k 2 +i2 I. obs. 1 calc

12 v s 167

14 vw 6

16 s - 79

18 w 9

20 . . 1

22 vw 4

24 . . 1

26 m - 12

30 vw 3

32 ■ 62

34 vw 4

36 m  m 1

38 w 8

40 - - 2

42 vw 6

44 s 58

46 m - 9

48 m 13

SO vw 3

52 — 2

54 vw 5

56 v w - 2

58 « •  • 0

62 vw 5

64 w 8

66 w 7

68 vw 3

70 vw 4

72 Oft • 2

i

f

mm
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- 1 5 *  U C R L - 2 1 0 1

v H th  t h o s e  f o r  i n d i c a t ® t l i a t  t h e  a t o m i c  c o o r d i n a t e s  a r e  v e r y

s i m i l a r  i n  t h e  t w o  s u b s t a n c e s .  I f  t h e  a t o m i c  p a r a m e t e r s  g i v e n  b y  

P a u l i n g  a n d  S h a p p e l l ^  f o r  L a g O ^  a r e  c o r r e c t  t o r  A m ^ O ^ ,  t h e n  e a c h  

A m  a t o m  h a s  t h r e e  o x y g e n  n e i g h b o r s  a t  2 . 3 5 ,  o n e  a t  2 . 3 6  a n d  t h r e e  

a t  2 . 5 9  A .

T h e s e  tw o  s t r u c t u r e s  a r e  c o m m o n p l a c e  a m o n g  t h e  s e s q u i o x i d e s  

o f  t h e  r a r e  e a r t h  e l e m e n t s .  A c ^ O ^  h a s  t h e  h e x a g o n a l  s t r u c t u r e . ^

( 1 9 )  V .  M .  G o l d s c h m i d t ,  F .  U l r i c h ,  T .  B a r t h ,  a n d  G .  L u n d e ,  

" S t r u k t u r b e r i c h t , "  V o l .  1, p p  2 6 1 - 6 2 .

( 2 0 )  K .  L o h b e r g ,  Z .  P h y s i k .  C h e m . ,  B 2 8 ,  4 0 2 - 7  ( 1 9 3 5 ) .

( 2 1 )  H .  B o m m e r ,  Z .  a n o r g .  u .  a l l g e m .  C h e m . ,  2 4 1 , 2 7 3 - 8 0  ( 1 9 3 9 ) .

S e v e r a l  s t u d i e s  h a v e  b e e n  m a d e  o f  t h e  t e m p e r a t u r e  d e p e n d e n c e  o f  

t h e s e  s t r u c t u r e s . ^ *  ^ ^  R a p i d  e q u i l i b r i u m  c o n d i t i o n s  d o  n o t

( 2 2 )  A .  l a n d e l l i ,  G a s s .  c h i m .  i t a l .  7 7 ,  3 1 2 - 1 8  ( 1 9 4 7 ) .

( 2 3 )  M .  F o e x ,  C o m p t .  r e n d .  2 2 4 ,  1 7 1 7 - 1 9  ( 1 9 4 7 ) .

p r e v a i l ,  b u t  t h e  d a t a  i n d i c a t e  t h a t  t h e  h e x a g o n a l  f o r m  i s  s t a b l e  a t  

h i g h e r  t e m p e r a t u r e s  t h a n  t h e  c u b i c  f o r m ,  a n d  t h a t  t h e  t r a n s i t i o n  

t e m p e r a t u r e  f r o m  c u b i c  t o  h e x a g o n a l  i n c r e a s e s  w i t h  d e c r e a s i n g  

c a t i o n i c  r a d i u s .  T h u s ,  f o r  N d 2 ^ 3 ’ t h e  c u b i c  f o r m  w a s  p r o d u c e d  

b e l o w  7 7 5 °  a n d  t h e  h e x a g o n a l  f o r m  a b o v e  8 5 0 ° . O u r  r e s u l t s  w i t h  

A m  j Oj  a r e  a n a l o g o u s :  t h e  c u b i c  f o r m  r e s u l t e d  a t  6 0 0 °  a n d  t h e  

h e x a g o n a l  f o r m  a t  8 0 0 ° .  T h i s  a g r e e m e n t  i s  i n  a c c o r d  w i t h  t h e  

f a c t  t h a t  t h e  r a d i i  o f  A m * *  a n d  N d * *  a r e  a b o u t  t h e  s a m e .  ^  S i n c e  

t h e  h e x a g o n a l  f o r m  i s  u n k n o w n  f o r  o x i d e s  o f  r a y s  e a r t h s  s m a l l e r
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in radios than neodymium, Am^O^.is probably near the limit of 

stability of the hexagonal form. The oxides of elements 9b and 

above, which have smaller cationic radii, are more likely to 

occur in the cubic form.
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