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TLre Mossbauer ef fect  may turn out  to  be usefu l -  in  the i -nvest lgat ion of
s t ruc tu re  de fec t s  i n  c r ys ta l s  I f ,  Z ] .  The  Mossbaue r  me thod  was  a l ready  used
t o  a d v a n t a g e  f o r  t h e  s t u d y  o f  c h a r g e d ' r i m p u r i t y  i o n  a n d  v a c a n c y r ? c o m p l e x e s  i n
i on j - c  c r ys ta l s  i 3  -  51 .  We  know o f  no  pub l i shed  repo r t s  i - nd j - ca t i ng  t ha t  de -
fec t s  have  been  obse rved  i n  me ta l s  by  t h i s  me thod ,  a l t hough  s lm i l a r  i nves t i ga -
t i ons  we re  made  by  a  number  o f  wo rke rs  [ ] ,  6 ] .

I n  me ta l - s  whose  ma t r i ces  con ta in  Mossbaue r  a toms ,  pa r t i cu la r l y  A rmco  i r on ,
sa tu ra t i on  o f  t he  ma te r i a l -  w i t h  de fec t s  l eads  p rac t i ca l l y  t o  no  no t j - ceab le
sh i f t  o r  sp read ing  o f  t he  l - 1nes .  The  p robab i t i t y  o f  obse rv ing  d .e fec t s  shou ld
obv lous l y  be  much  h ighe r  i n  t he  case  o f  impu r i t y  Mossbaue r  a toms  tha t  t end  to
d i r r r t Q A  A i n a a # ] Y  t o  t h e  d e f e c t s .  I n  o r d e r  t o  o b s e r v e  t h e  d e f e c t s ,  w e  i n v e s t i -s f r e v e f . )

ga ted  the  Mossbaue r  spec t ra  o f  a  s t rong l y  d i l u ted  so l -u t i on  o f  CosT  i n  Cu  fo l -
l ow ing  de fo rma t l on  and  temper i -ng .  A  l - ow  concen t ra t i on  o f  t he  Co57  a toms  was
essen t i a l  i n  o rde r  t o  exc lude  the  poss ib i l i t y  o f  f o rma t i on  o f  pa r t l c l - es  o f  a
new phase ,  wh i ch  wou ld  make  measu remen t  o f  t he  l - oca l -  ma t r i x  d i s to r t i ons  d l f -
f  i  n r r ' l  l -

T h e  C o t t  w a s  d . e p o s i t e d  g a l v a n i c a l l y  o n  c o p p e r  o f  9 9 . 9 9 6 / ,  p u r i t y .  C o s T
s o u r c e s  w i t h  a c t i v i t y  r u O . 1  U C i  w e r e  p r e p a r e d  f r o m  t h e  o b t a i n e d  r l l o v  h v  n n -
nea l i ng  and  reme t t i ng  i n  a  vacuum o f - t 0 : s  To r r . - " ' r n " - c r l ; * ; ; ; ; " ; l " " t i " l  I "  t r , u
sou rces  was  ru5  x  10 -o  a t .% ,  wh i ch  i s  10wer  t han  the  expec ted  ave rage  concen_
t ra t i on  o f  t he  a toms  l oca ted  i n  t he  immed ia te  v i c i n i t y  o f  t he  d i s l oca t i on
nuc leus ;  t he  magn i tude  o f  t h i s  concen t ra t i on ,  i n  a  s t rone l y  de fo rmed  me ta l  ( a t
a  d i s l o c a t i o n  d e n s i t y  l - 0  I  I  -  1 0 l 2  c m - 2 ) ,  a m o u n t s  t o  , r , l - 0 - 5  -  l - 0 - u  % . ' )

rFn  n rn r r r rao  an  i ng reaSed  de feC t  dens i t y ,  t he  Samp le  Was  ro l_ l_ed  dOWn a f te r
r e m e l t i n g  f r o m  a  t h i c k n e s s  t u 3  t o  0 . 0 2  m m  ( 9 9 . 3 %  d e f o r m a t i o n ) .  T h e  M o s s b a u e r
spec t rum o f  t he  sou rce  was  l nves t i ga ted  as  a  f unc t i on  o f  t he  t empera tu re  o f  t he
temper ing  fo l l ow ing  the  de fo rqab ion .  The  pu rpose  o f  t he  t emper ing  was  to  ac -
ce le ra te  t he  d i f f us i -on  o f  t he lMossbaue r  a toms  to  t he  d .e fec t s .

The  CosT  sou rce  i n  de fo rmed  Cu  (w i t hou t  t emper ing )  has  a  s l ng le  Lo ren tz
L i n e  ( F i g .  1 a ) ,  s h i f t e d  b y  - ( 0 , 3 7 2  1  0 . 0 0 3 )  m m l s e c  r e l - a t i v e  t o  t h e  h i g h - e n e r g y
l i n e  o f  s o d . i u m  n i t r o p r u s s i d e ,  o r  b y  ( 0 . 4 8 1  t  0 . 0 0 0 4 )  m m l s e c  r e l - a t i v e  t o  t h e
cen te r  o f  i t s  doub le t ;  t h i s  i s  j - n  good  ag reemen t  w i t h  t he  da ta  by  o the rs  l 7 l ,
F igu re  2  shows  p lo t s  o f  t he  w id th  f ,  t he  he igh t  e ,  and  the  pos i t i on  o f  t he  l i ne
aga ins t  t he  t emper ing  tempera tu re .  A t  each  tempera tu re ,  t he  t emper ing  l - as ted
5  hou rs .  The  da ta  we re  ob ta ined  fo r  a  s l ng le  samp le  by  t he  me thod  o f  f ou r -
channe l  p lo t t i ng .

As  seen  f rom F ig .  2 ,  a  no t i ceab le  b roaden ing  o f  t he  l i ne  and  a  dec rease  o f
i t s  he igh t  a re  obse rved  du r i ng  the  f i r s t  s tages  o f  t he  t emper lng .  Bo th  e f f ec t s
a re  appa ren t l y  t he  resu l t  o f  t he  smear ing  o f  t he  l 1ne ,  s i nce  i t s  i n teg ra l  i n -
t ens i t y  i s  no t  changed  app rec iab l y .  The  g rea tes t  smear i -ng  appea rs  a t  t emper lng
tempera tu res  l - 30  -  200oC,  and  a t  h i ghe r  t empera tu res  t he  w id th  and  he igh t  o f
t he  l - i ne  re tu rn  t o  t he i r  i n i t i a l  va lues .  The  l i ne  pos i t i on  rdma i -ns  unchanged ,
accu ra te  t o  t 0  .  005  mm, /sec .

I t  can  be  assumed  tha t  t he  obse rved  sp read ing  o f  t he  l i ne  i s  t he  resu l t  o f
I oca l i za t i on  o f  t he  Mossbaue r  a toms  nea r  t he  de fec t s .  Th i s  conc lus ion  aErees
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F i g .  2

F i g .  l .  M o s s b a u e r  s p e c t r u m  o f  a  s o u r c e  o f  d e f o r m e d  C u  w i t h  C o s T :  a  -

p r fo"  to  temper ing , -b  -  a f te r  temper ing  a t  1700C.  The f igure  shows
ha l f  the  spec t rum wi th  absorber  o f  sod ium n i t ropruss ide .

F i g .  2 .  W i d t h  f ,  h e i g h t  e ,  a n d  p o s i t i o n  s  o f  t h e  C o s T  l i n e  i n  C u  v s .
the  tempera ture  o f  temper ing  a f te r  de format ion .

wi th  t he  da ta  o f  [B ] ,  l n  wh i ch :e ' a t  t he  same temper ing  tempera tu res ,  a  no t i ce -

ab l -e  dec rease  o f  i f r " - i r r t " r na i .  i r i c ' t l on  i n  Cu  was  obse rved ,  ow ing  to  t he  p inn lng

o f  t he  d i s l oca t i ons  by  lmpur i t y  a toms .

The  l i ne  b roaden ing  upon  temper ing  can  be  due ,  i n  p r i nc ip le ,  t o  two  fac -

to rs :  an  l nhomogeneous  i somer  sh i f t  connec ted  w i th  t he  i nhomogeneous  vo lume

de fo rma t i on  o f  i hu  l a t t i " " ,  and  a  quad rupo le  e f f ec t  due  to  f oca l  an i so t rop i c

l a t t i ce  d i s to r t i - ons .  I n  t he  f o rmer  case ,  a  l i ne  sh i f t  shou ld  be  obse rved

s imu l taneous l y ,  ow i -ng  to  t he  p re fe r red  d i f f us ion  o f  t he  Co  a toms  i n  t he  com-

n r e s s i o n  r e s i o n .  S i n c e  n o  s u c h  s h i f t  w a s  o b s e r v e d  i n  t h e  e x p e r i m e n t ,  i t  c a n
y r  v v v f  v r r

be  assumed  tha t  t he  ma in  cause  o f  t he  b roaden lng  1s  t he  quad rupo le  sp l i t t l ng -

o f  t he  1 ine .  Th i s  i s  l nd l ca ted  a l so  by  t he  shape  o f  t he  expe r imen ta l  l i ne  o f

a  sou rce  tempered  a t  1700C,  wh i ch ,  acco rd ing  to  a  compu te r  ana l ys i s  by  l eas t

s q u a r e s ,  i s  d e s c r l b e d  b e s t  b y  a  d o u b l e t  o f  L o r e n t z  l - i n e s  w i t h  a  s p l i t t i n g  o f
n ,0 .  f  mm, / sec  ( see  F ig .  f b  )  .

The  absence  o f  a  l i ne  sh i f t  a f t e r  t emper ing  the  de fo rmed  samp le  m igh t

seeming l y  con t rad i c t  t he  expe r imen ta l  dependence  o f  t he  i somer  sh i f t  on  t he

. r , ess r r i e -  [ e l -  Th i s  hn ra re r r c r ^  can  be  unde rs tood  by  t ak ing  i n to  cons ide ra t i on
l J I s O O u r u  L 2  ) .

t he  kno r " r ,  e i f ec t  o f  t he  reA i i t r iOu t i on  o f  t he  conduc t i on  e lec t rons  nea r  t he

d l s l oca t i on  nuc leus .  Ow ing  to  t he  t rans fe r  o f  e l - ec t rons  f rom the  compressed

r e s i o n s  i n t o  t h e  d i s t e n d e d  o n e s ,  t h e  d e n s i t y  o f  t h e  s - e l e c t r o n s  n e a r  t h e  d 1 s -

l oca t l on  may  change ,  compensa t i ng  f o r  t he  ac t i on  o f  t he  d i l a ta t i on  on  the  i so -

mer  sh i f t .  Th i s  f i " oUan ly  exp la ins  a ] - so  t he  weak  i n f l uence  o f  t he  de fec t  on

the  sp read ing  o f  t he  l - i ne  i n  de fo rmed  A rmco  i r on '

t40
4 %

Ftg .  l

1 5 4



Thus,  the  observed l lne  broaden lng  upon temper ing  o f  de formed Cu w l th  CosT
lmpuri ty must apparent ly be ascr i-bed to quadrupole spl i t t lng of the nuclear
levels as a result  of  the local lzat ion of the Mossbauer atoms about the de-
fec ts  in  loca t lons  w i th  d is to r ted  cub ic  l -a t t i ce ,  where  the  inhomogeneous f ie ld
o f  the  e lec t r i c  d lpo le  ac ts  s imu l taneous ly .  f t  1s  s t l l l -  imposs ib le  to  separa te
these two fac to rs .
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