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Rdsum6.- Les e f f e t s  de  l ' a u t o - i r r a d i a t i o n  a d e  2 ' 1 ~ m  mdtal  o n t  e t 6  d tud ids  p a r  s p e c t r o s c o p i e  Miiss- 
b a u e r  d 'dmiss ion.  Nous avons maintenu l e s  d c h a n t i l l o n s  B 4 ,2  K pendant 230 h  d ' a f f i l d e  e t  r e l evd  
des  s p e c t r e s  Miissbauer t o u t e s  l e s  10 2 20 h e u r e s .  I1 n ' y  a  aucune v a r i a t i o n  du f a c t e u r  f ,  p a r  con- 
t r e  l a  l a r g e u r  de r a i e  augmente progress ivement  pour  a t t e i n d r e  s a  v a l e u r  B s a t u r a t i o n  a p r a s  180 h .  
Un b r e f  r e c u i t  B tempera ture  o r d i n a i r e  rbg6nSre l a  l a r g e u r  i n i t i a l e .  L'augmentation de  l a r g e u r  de 
r a i e  r e f l a t e  un changement de l ' i n t e r a c t i o n  quadrupo la i r e  l i 6  B l a  c r d a t i o n  de d l f a u t s .  La v a l e u r  
c o n s t a n t e  du f a c t e u r  f  indique  que l a  s t r u c t u r e  c r i s t a l l i n e  n ' e s t  pas r ad i ca l emen t  m o d i f i l e .  

Abst rac t . -  The Miissbauer emiss ion spect rum of 241Am metal  was i n v e s t i g a t e d  f o r  i n f l u e n c e s  o f  r ad i a -  
t i o n  s e l f  damage. Samples were kep t  con t inuous ly  f o r  230 h  a t  4.2 K and s p e c t r a  were t aken  each 10 
t o  20 h .  No change i n  f - f a c t o r  was observed,  w h i l e  t h e  l i n e w i d t h  inc reased  monotonica l ly  and rea-  
ched s a t u r a t i o n  a f t e r  'l. 180 h .  The o r i g i n a l  w id th  could  be  reproduced by a  b r i e f  warming t o  room 
tempera ture .  The i n c r e a s e  i n  w id th  r e f l e c t s  t h e  change i n  quadrupole  i n t e r a c t i o n  due t o  t he  crea-  
t i o n  of l a t t i c e  d e f e c t s .  The constancy o f  t he  f - f a c t o r  i n d i c a t e s  t h a t  t he  b a s i c  c r y s t a l l i n e  s t r u c -  
t u r e  i s  r e t a i n e d .  

The commonly used sou rce  f o r  Mzssbauer measurements 

w i t h  2 3 7 ~ p  i s  241Am which decays i n t o  t he  60 keV 

e x c i t e d  s t a t e  (Tl I2= 63 ns) by the  emiss ion of a  

5.5 MeV a - p a r t i c l e .  I t  i s  a s t o n i s h i n g ,  t h a t  t h e  ob- 

s e r v a t i o n  of a  c l e a r  G s s b a u e r  s i g n a l  i s  p o s s i b l e  

some t e n  nanoseconds a f t e r  such a  v i o l e n t  a c t  a s  an 

a-decay which impar t s  about  100 keV r e c o i l  energy t o  

the. neptunium nucleus .  A f t e r e f f e c t s  of t he  precee- 

d i n g  a-decay a r e  known t o  e x i s t .  Bes t  e s t a b l i s h e d  

i s  t he  obse rva t ion  of m u l t i p l e  emis s ion  l i n e s  i n  

sou rces  l i k e  Am02 / l / .  I n  t he  p r e s e n t  exper iment  we 

look f c r  changes i n  t ime of t h e  resonance l i n e  o f  

Am meta l  sou rces  kep t  a t  l i q u i d  hel ium tempera ture  

f o r  proionged t imes .  Such changes could  be  caused by 

r a d i a t i o n  s e l f  damage which i s  known t o  p l ay  a  r o l e  

i n  measurements o f  t h e  h e a t  c a p a c i t y  / 2 /  and t h e  

e l e c t r i c a l  r e s i s t i v i t y  131. Measurements were per-  

formed u s i n g  a  100 mg/cm2 abso rbe r  of NpOz a t  77  K. 

A f a s t  p u l s e  d e t e c t i o n  sys tem /4 /  a l lowed t h e  con- 

p i l a t i o n  of p r e c i s e  s p e c t r a  i n  s h o r t  t ime. Data 

were l e a s t  squa re s  f i t t e d  t o  a  s i n g l e  L o r e n t z i a n  

modified by a  d i s p e r s i o n  ampl i tude  o f  5 = -0.034 

/5/. The r e c o i l f r e e  f r a c t i o n  i s  p r o p o r t i o n a l  t o  t h e  

mined by a  p o i n t  by p o i n t  summation ove r  t h e  whole 

v e l o c i t y  range a f t e r  t h e  b a s e l i n e  had been f i x e d  i n  

t he  l e a s t  squa re s  procedure .  Two d i f f e r e n t  sou rces  

of " + ' ~ m  meta l  were s t u d i e d .  They were bo th  produ- 

ced by vacuum evapora t ion  of Am meta l  on to  a  Ta 

d i s c .  They d i f f e r  i n  t he  t o t a l  amount o f  Am meta l  

(15.5 mg and 89 mg) and t h e i r  r a d i o a c t i v i t y  (53 mCi 

and 306 mCi). T h e i r  mass ( a c t i v i t y )  p e r  u n i t  a r e a ,  

however, i s  roughly t h e  same (- 100 mg/cm2). 

F igure  l d i s p l a y s  f o r  t h e  53 mCi sou rce  t h e  l i n e -  

w id th ,  peak h e i g h t  and t o t a l  a r e a  a s  a  f u n c t i o n  of 

t ime. The a r e a  remained c o n s t a n t ,  b u t  t h e  l i n e w i d t h  

showed a monotonic i n c r e a s e  r each ing  s a t u r a t i o n  

a f t e r  - 180 h .  A f t e r  10 days a t  4.2 K t h e  sample 

was b r i e f l y  warmed t o  room tempera ture ,  then recoo- 

l e d .  Within t h e  l i m i t s  o f  e r r o r  the  i n i t i a l  va lues  

o f  width ,  h e i g h t  and a r e a  were reproduced. S i m i l a r  

r e s u l t s  were ob ta ined  f o r  t h e  306 mCi sample.  

In  a n o t h e r ,  y e t  unpubl ished,  measurement we found 

t h a t  the  r e sonan t  l i ne shape  f o r  Am a t  4.2 K can  be  

f i t t e d  t o  an  unresolved,  p u r e l y  a x i a l  quadrupole  

i n t e r a c t i o n  o f  eZqq  = 6 mm/s = 300 MHz. Such a n  in- 

t e r a c t i o n  i s  expected  from t h e  double  hcp s t r u c t u r e  

t o t a l  a r e a  under t he  resonance cu rve  which was d e t e r -  o f  bu lk  Am meta l  161. Other  sou rces  of l i n e  broa- 

dening,  l i k e  a  d i s t r i b u t i o n  of isomer s h i f t s ,  w i l l  

* Work suppor ted  i n  p a r t  by the  Bundesministerium a l s o  be  p r e s e n t  b u t  t h e i r  s i z e  i s  d i f f i c u l t  t o  es- 
fGr Forschung und Technologie,  Fede ra l  Republ ic  
of Germany. t i m a t e .  The observed change i n  l i newid th  i s  i n t e r -  

p r e t e d  a s  a  g radua l  i n c r e a s e  o f  quadrupole  i n t e r -  
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a c t i o n  connected wi th  the  r a d i a t i o n  damage of t he  s i m i l a r i t y  of t h e i r  behaviour  i s  unders tandable .  

l a t t i c e .  

0 
0' X., - 

E- 0- -U -Height 
0- Q- U- ,a- -1 A r e a  

Time [hours] 

Fig.  1 : Change of s p e c t r a l  parameters  w i th  t ime 
f o r  the  53 mCi sample of *"~m metal kep t  a t  4 . 2  K. 
The c r o s s  ha tched d a t a  were taken a t  t he  end o f  the  
run a f t e r  a  warm-up t o  300 K. 

Both, the  a - p a r t i c l e s  of 5.5 MeV and the  Np r e c o i l  

n u c l e i  w i l l  p r i m a r i l y  c r e a t e  vacancies  and i n t e r -  

s t i t i a l ~  i n  t h e i r  passage  through the  l a t t i c e  171. 

I f  l oca t ed  i n  t h e  v i c i n i t y  o f  t h e  e m i t t i n g  Am atom, 

these  l a t t i c e  d e f e c t s  w i l l  g ive  r i s e  t o  an  addi-  

t i o n a l  e l e c t r i c  f i e l d  g r a d i e n t  181. The primary re-  

c o i l s  w i l l  t r a v e l  on ly  - 8  nm and s t o p  i n  a  t ime 

s h o r t  compared t o  t he  h a l f  l i f e  o f  the  60 keV exc i -  

t e d  s t a t e .  They a r e  surrounded mainly by a  c loud o f  

vacanc ie s  wh i l e  the  i n t e r s t i t i a l s  have moved f u r t h e r  

away by c o r r e l a t e d  c o l l i s i o n  p roces ses .  The damages 

remaining i n  t h e  v i c i n i t y  o f  t he  e m i t t i n g  atom it- 

s e l f  could  a t  b e s t  c o n t r i b u t e  t o  the  i n i t i a l  l i n e -  

width  b u t  should  n o t  show a  build-up i n  t ime. This  

i s  d i f f e r e n t  w i th  t h e  gene ra l  r a d i a t i o n  damage in- 

f l i c t e d  on the  Am l a t t i c e  by bo th  the  n u c l e a r  re- 

c o i l s  and the  a - p a r t i c l e s .  The r e c o i l s  c r e a t e  

damage i n  h igh  concen t r a t ion  wh i l e  t he  a - p a r t i c l e s  

produce vacanc ie s  and i n t e r s t i t i a l s  ove r  a much l a r -  

g e r  volume. These damages w i l l  be  f rozen  i n  a t  he- 

l ium tempera ture  and cannot  e a s i l y  a n n i h i l a t e  to- 

g e t h e r .  T h e i r  c o n c e n t r a t i o n  w i l l  r i s e  and soon t h e  

whole Am l a t t i c e  i s  h e a v i l y  a f f l i c t e d .  F i n a l l y  t h e  

vacanc ie s  and i n t e r s t i t i a l s  w i l l  come c l o s e  enough 

t o g e t h e r  t o  a n n i h i l a t e  even a t  low tempera tures  and 

a  s t a t i o n a r y  c o n c e n t r a t i o n  of d e f e c t s  w i l l  r e s u l t s .  

The th i ckness  o f  bo th  Am samples i s  l a r g e  compa- 

r ed  t o  t h e  mean s topp ing  d i s t a n c e  of e i t h e r  t h e  

n u c l e a r  r e c o i l s  o r  t h e  a - p a r t i c l e s  (- 8  urn). Thus 

t h e  number of damaged s i t e s  produced p e r  u n i t  vo- 

lume w i l l  be  t he  same f o r  bo th  samples and the  

Th i s  view of t h e  o r i g i n  o f  t h e  t ime dependent l i n e  

broadening i s  f u r t h e r  suppor ted  by measurements of 

t r a n s p o r t  p r o p e r t i e s  /2 ,3 / .  I n  p a r t i c u l a r ,  a n  ex- 

p o n e n t i a l  growth of r e s i s t i v i t y  w i t h  a  time cons- 

t a n t  of 5 0  h  was found. Warming t o  room tempera ture  

n e a r l y  b u t  n o t  e x a c t l y  reproduced t h e  o r i g i n a l  re-  

s i s t i v i t y .  The smal l  amount of remanent r a d i a t i o n  

damage is  a t  t he  l i m i t  of s e n s i t i v i t y  of a  ~ 6 s s b a u -  

e r  measurement. 

The constancy o f  the  f - f a c t o r  w i t h  time i n d i c a t e s  

on a  l o c a l  p i c t u r e  t h a t  no d i f f u s i o n  and subsequent  

t r a p p i n g  a t  t h e  Np s i t e  occur  f o r  t he  i n t e r s t i t i a l s  

w i t h i n  t h e  l i f e t i m e  of t he  60 keV s t a t e .  It i s  

known t h a t  i m p u r i t y - i n t e r s t i t i a l  complexes have low 

v i b r a t i o n a l  f requency modes caus ing  a  r e d u c t i o n  i n  

f - f a c t o r  191. One expec t s  l i t t l e  mig ra t ion  a t  4 . 2  K .  

Fur thermore ,  t he  e l e c t r o n i c  s t r u c t u r e s o f  neptunium 

and americium a r e  n o t  very d i f f e r e n t  and the  former 

w i l l  n o t  be  an  e f f i c i e n t  t r a p .  I n  terms of non- 

l o c a l  p r o p e r t i e s  one may expec t  t h a t  t h e  c r y s t a l  

s t r u c t u r e  w i l l  s e v e r e l y  be des t royed  under t h e  in-  

f l u e n c e  o f  s e l f - i r r a d i a t i o n .  Our r e s u l t  makes an  

"anorphiza t ion"  o f  Am meta l  r a t h e r  u n l i k e l y ,  s i n c e  

n o t i c e a b l e  d i f f e r e n c e s  i n  the  f - f a c t o r  u s u a l l y  

e x i s t  between c r y s t a l l i n e  and amorphous phases  /10/.  

The m a t e r i a l  may w e l l  become m i c r o c r y s t a l l i n e  under 

t he  i n f l u e n c e  of s e l f - i r r a d i a t i o n  bu t  r e t a i n s  i t s  

b a s i c  c r y s t a l l i n e  s t r u c t u r e .  

We thank 0 .  Beck of t he  I n s t i t u t  f u r  Radiochemie d e r  

Technischen ~ n i v e r s i  t g t  ~ i i n c h e n  f o r  making a v a i l a -  

b l e  t he  NpOn abso rbe r ,  U .  Gonser and F . J .  L i t t e r s t  

f o r  h e l p f u l  d i s c u s s i o n s .  
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