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A b s t r a c t  

~ : :  We have measured t h e  magnet iza t ion  d e n s i t y  i n  t h e  a c t i n i d e  i n t e r m e t a l -  

I l i c  compound U G e  3 (cubic,AuCu 3 s t r u c t u r e ) .  The induced moment a t  4.2 K 

w i t h  H (appl ied)  = 48 kOe i s  0.012 pB/mole. The most s i g n i f i c a n t  r e s u l t  i s  

t h a t  a s m a l l  p o s i t i v e  moment of  %0,.0018 i s  induced a t  and n e a r  t h e  G e  
B 

si te,  which i s  unusual  because e lementa l  G e  is diamagnet ic .  The s p i n  

d e n s i t y  a t  t h e  Ge s i t e  is h i g h l y ,  a s p h e r i c a l ,  showing t h e  n a t u r e  of  t h e  
. . - - - . . - . - . , .. - . . .. . . . . . .  . 

bonding wi th  t h e  uranium bave  f u n c t i o n s .  

I n t r o d u c t i o n  

The r o l e  of t h e  o u t e r  e l e c t r o n s  i n  bonding is one of p a r , t i c u l a r  i n t e r -  

est i n  a c t i n i d e  compounds. I n - a n  e a r l i e r ' s t u d y  of URh (cub ic  AuCu s t r u c -  
3 3 

0 

t u r e  a = 3.988 A) w e  showed [ I ]  t h a t  t h e  atomic s u s c e p t i b i l i t y  o f .  Rh w a s  

a lmost  doubled i n  this compound a s  compared t o  Rh meta l .  I n  a q u a l i t a t i v e  

. . sense  t h i s  was i n  agreement w i t h . t h e  d e  Haas van Alphen experiments  and ' .. 

band s t r u c t u r e  Ca lcu la t ions  [Z] ,  which sugges t  t h a t  a deg ree  of e l e c t r o n  

t r a n s f e r  t akes  p l a c e  from t h e  U 6d t o  the'  4d band. De ta i l ed  comparisons 

were, however, d i f f i c u l t  because of t h e  h igh  degree  of  p o l a r i z a b i l i t y  of 

t h e  4d e l e c t r o n s  of Rh. .One could a rgue ,  f o r  example, t h a t  t h e  i n c r e a s e  i n  

xRh comes simply from a n  enhanced exchange i n t e r a c t i o n ,  r a t h e r  t han  a d i r e c t  
. . 

e l e c t r o n  t r a n s f  e r  . dHvA experiments and c a l d u l a t i o n s  have suggested [3]  



t h a t  a  s i m i l a r  e l e c t r o n  t r a n s f e r  and s t r o n g  h y b r i d i z a t i o n  between t h e  U -6d 

' a n d  5f and Ge 4p states t a k e s  p l a c e  i n  U G e  S ince  e lementa l  G e  i s  diamag- 3 ' 

n e t i c  and no s p i n  t r a n s f k r  has  ever  been r epor t ed  on a G e  atom, t h e s e  ca lcb-  
. . 

lat i o n s ,  p r e d i c t  something q u i t e  new and dramat ic  i n  a neu t ron  experiment .  

Experiment . . :  

The , a p e r i m e n t s  have been performed on a  s i n g l e  c r y s t a l  (%3.5 IIIUI d i a -  

meter ,  11 rnm long)  a t . t h e  D3 polar ized-neut ron  d i f f r a c t o m e t e r  a t  t h e  
0 

I n s t i t u t  Laue Langevin; Grenoble. The neu t ron  wavelength.was 0.904'A and 

a n  E r . f i l t e r  was used t o  e l i m i n a t e  X/2 contaminat ion.  The a p p l i e d  f i e l d  

w a s  48' kOe a t  a  tempera ture  of 4.2 K. From t h e  s u s c e p t i b i l i t y  measurements 

t h e  t o t a l  induced moment under t h e s e  c o n d i t i o n s  is  0.0124 p /mole. 
B 

The c r y s t a l  w a s  f u l l y  c h a r a c t e r i z e d  w i t h  unpolar ized  neu t rons  t o  de- 

termine -. . a c c u r a t e l y  . - . t h e  . . - nuc lea r  . . s t r u c t u r e  . fac tors . ,  which is, impo,rtant because . .  . . - -. 

: t h e  s u p e r l a t t i c e  r e f l e c t i o n s  (see' below) are weak and a r e  i n f l u e n c e d  by 

a n i s o t r o p i c  thermal  v i b r a t i o n s  a t  t h e  G e  s i t e  even a t  'low tempera ture .  The . 

e x t i n c t i o n  i n  U G e  was found t o  be  small, unl . ike  t h e  c a s e  of URh [ I ] ,  and 
3 3 

r e l i a b l e  c o r r e c t i o n s  could be.made e a s i l y .  
0 

The c r y s t a l  s t r u c t u r e  of U G e  is  cub ic ,  AuCu t y p e  w i t h  a = 4.206 A. 
3  3 

The s t r u c t u r e  f a c t o r s  f a l l  i n t o  two groups; f o r  hkR a l l  even o r  a l l  odd 

/ 
1 N+ = bU exp (-WU) + 3 bGe exp (-WGe) 

and f o r  mixed hkR 

N- = bU exp (-WU) - bGe (-WGe) 

where b and b are t h e  coherent  s c a t t e r i n g  ampl i tudes  of U and G e ,  0.852 
U G e  

and 0.819 (x lo-'' an), ' r e spec t ive ly .  The Debye-Waller f a c t o r s  are repre-  

sen ted  by exp ,(-W) . , For t h e  magnetic s t r u c t u r e  f a c t o r  M w e  s u b s t i t u t e  



-% 
p f o r  bi, where p  = 0.27 x 10-l2 "f i(k)cm. The magnetic moment l o c a t e d  
i i 

I ' a t  s i t e  i is  g iven  by p and i ts  s p a t i a l  d i s t r i b u t i o n  is g iven  by t h e  
is 

I 3 3 
Four ie r  t ransform of t h e  magnet iza t ion  d e n s i t y ,  f i ( k ) ,  where k  i s  t h e  

I 3 
s c a t t e r i n g  v e c t o r  lkI = 4n s i n  8/X. The experiment c o n s i s t s  of measuring . 

t h e  r a t i o  of (M~!N.) f o r  t h e  Bragg r e f l e c t i o n s .  S ince  t h e  induced moment 
1 

-3 is smal l ,  t h e s e  r a t i o s  a r e  less than  1 0  , t hus  r e q u i r i n g  long count ing  

t imes and an  a p p r e c i a t i o n  of sys t ema t i c  e r r o r s  [ 4 ] .  Cor rec t ions  f o r  d i a -  

magnetism have been made i n  a l l  c a s e s  [5 ] .  

. . R e s u l t s  

The experimental  r e s u l t s  are shown i n  F ig .  1 as a  f u n c t i o n  of sin 8/h.  

. . .Two immedia te , s ta tements  can  be  made: (1) . I f  - a l l  t h e  moment i s  a s s o c i a t e d  

wi th  t h e  U s i te  then  a  s imple  s u b s t i t u t i o n  i n  t h e  equa t ions  f o r  M and M + - 
shows that.  - .  . t h e  p o i n t s  . . . . . . from . . both  . .. sets . of r e f l e c t i o n s  .... -. should . . f a l l  - . on . . . . . . . a s i n g l e  . . - 

curve. '  This  i s  n o t  t h e  c a s e ,  s u g g e s t i n g . t h a t  p  # 0. (2) The magnet ic  
G e - 

O -1 
s c a t t e r i n g , i s  s t i l l  a p p r e c i a b l e  a t  sin.B/X 0.5 A . A s p i n  on ly  uranium 

form f a c t o r  f a l l s  t o  zero by s i n  8 / 1  0.4 (61  s o  t h a t  s c a t t e r i n g  

beyond t h i s  p o i n t  imp l i e s  t h e  presence  of a n ' o r b i t a l  moment. The a n a l y s i s  

shows a s p h e r i c a l l y  symmetric magnet iza t ion  d e n s i t y  a t  t h e  U s i te  v e r y  

s i m i l a r  t o  t h a t  found i n  magnet ica l ly  ordered uranium compounds; 

Td addres s  t h e  ques t ion  of t h e  moment l o c a l i z e d  away from t h e  U s i t e  

w e  have performed a Four i e r  i n v e r s i o n  of  t h e  d a t a ,  and t h i s  is shown i n  

Fig. 2. Not ice  t h e  s p h e r i c a l l y  symmetric U magnet iza t ion  d e n s i t y  (moment 

0.007 pB) and t h e  very  sma l l  and h igh ly  a s p h e r i c a l  d i s t r i b u t i o n  (moment 

0.0018 v /Ge) a s s o c i a t e d  w i t h  t h e  Ge s i t e .  The. s i g n i f i c a n c e  . l e v e l  of t h e  
B 

Four i e r  map is  somewhat less than  one contour  i n  most p o s i t i o n s  and w e  have 
0 

averaged over  a  smal l  cube of 0.2 A on edge t o  reduce  s e r i e s  t e rmina t ion  

e r r o r s .  



.. . . ,  - 
4 

A complete a n a l y s i s  of t h i s  d a t a  i s  s t i l l  i n  p rog res s .  Our i n i t i a l  

a t t empt s  t o  f i t  t h e  Ge d e n s i t y  w i th  a p wave f u n c t i o n  were n o t  s u c c e s s f u l ,  
. . 

9 
because t h e  peak of t h e  obse rved 'dens i ty  is cen te red  a t  about  Q0.6 A from 

t h e  nuc lea r  s i t e ,  whereas t h e  4p wave f u n c t i d n  has  i tsmaximum abou t  1 

from t h e  nuc leus . .  We s p e c u l a t e  a t  t h i s  s t a g e  t h a t  t h e  wave f u n c t i o n  has  a 

maj0r.d component, and a t t empt s  a r e  being made t o  p r o j e c t  o u t  t h e  s p i n  

d e n s i t y  a t  t h e  G e  s i t e  from t h e  band s t r u c t u r e  c a l c u l a t i o n s  s o  t h a t  a com- 

pa r i son  can b e  made w i t h  experiment.  
I 
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Figure  Captions 

. . 
Fig.  1. Induced moment as a func t ion  of a n g l e  for UGe The dashed curve  3 ' 

. . 
would be t h e  form f a c t o r  i f  a l l  t h e  moment was- l oca t ed  a t  t h e  

uranium s i t e .  The o r d i n a t e  i n t e r c e p t  i s  g iven  by t h e  s t a t i c  

s u s c e p t i b i l i t y  c o r r e c t e d  f o r  t h e  diamagnetic c o n t r i b u t i o n .  

Fig.  2 .  Three dimensional p i c t u r e  of t h e  magnet iza t ion  d e n s i t y  i n  U G e  
3 - 

The base  p l ane  i s  a (001) p l ane  showing a network of 4 U atoms, 

:- The G e  atom p o s i t i o n s  a t  (&O), (%?d, and (0%) a r e  shown. ' The 

hatched a r e a s  a r e  p o s i t i v e  d e n s i t y ,  t h e  f u l l  a r e a s  be ing  second 

con tou r s  ( o r  ?., .2 a t  t h e  U s i t e ) ,  and t h e  dashed a r e a s  a r e . n e g a t i v b  . . ; - -. . 

" 3 
reg ions .  The contour  l e v e l s  a r e  a t  i n t e r v a l s  of 1 m II /A . w i t h  B 

" 3 t h e  f i r s t  contour a t  -0.5 m ug/A . 








