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The  change  o f  T^  o f  supe rconduc to rs  upon  d l so rde r l ng  o f  t he  c r ys ta l  l a t -

t lce was invest i -gate i  ny many workers us ing f i tms condensed at  hel - ium tempera-
tu re  [ 1 ,  2 ] ,  A  t heo re t i ca l  ana l ys i s ,  s im i l a r  t o  t ha t  ca r r i ed  ou t  by  McMi l l - an
assumed  i ndependence  o f  t he  e l -ec t ron  s ta te  dens i t y  N (O)  o f  t he  deg ree  o f  d i s -
nnda r  ' t a rdc  . t - ^  t he  COnC lus ion  tha t  T  o f  r r amorphous t r  f l  Ims  ShoU ld  I s  h ighe r

, r g g u u q l l l v r l

t han  i n  t he  bu l k  ma te r i a l ,  ow ing  to  t he  so f ten ing  o f  t he  phonon  spec t rum,  as
i s  l n d e e d  o b s e r v e d  i n  a  n u m b e r  o f  s u p e r c o n d u c t o r s  t 3 ] .

La te r  i nves t i ga t i ons  o f  f i lms  o f  ce r ta in  t r ans i t i on  me ta l s  have  shown ,
howeve r ,  t ha t  t he  cha rac te r  o f  t he  va r i a t i on  o f  T .  o f  d i f f e ren t  ma te r i a l s  upon

d i so rde r i ng  i s  no t  t he  sa lne .  Thus ,  S t rong in  [ 4 ]  Jb "e "ved  a  l a rge  r i se  o f  T .

i n  Mo  f i  lms  -  whe reas  i n  t he  case  o f  d i - so rd .e red  n iob ium f1 l -ms  T^  was  g rea t l y

l owered .  These  fac t s  i nd i ca te  t ha t  t he  mechan i sm o f  va r i a t i - on  o f  T^  upon  d i s -

o rde r i ng  o f  t he  c r ys ta l -  l a t t i ce  i s  more  comp l i ca ted  than  assumed  by  McMi11an ,
and that  in  many cases T^ may be st rongly in f luenced not  only  by the change of

t h e  p h o n o n  s p e c t r u m ,  b u t  a l s o  b y  t h e  c h a n g e  o f  N ( O ) .

I t  i s  t he re fo re  o f  j - n te res t  t o  i - nves t i ga te  t he  e f f ec t  o f  d i so rde r i ng  on  T "

o f  bu l ky  supe rconduc to rs ,  f o r  i n  t h i s  case  the  de te rm ina t i on  o f  t he  phonon
s p e c t r u m  a n d  o f  N ( O )  i s  a  s l m p l e r  p r o b l e m  t h a n  i n  t h e  c a s e  o f  f i l m s .  A  c o n -
ven ien t  ma te r i a l  f o r  such  an  i nves t i ga t i on  i s  t he  supe rconduc t i ng  i n te rme ta l l i c
compound  UeFe ,  t he  c r ys ta l  s t ruc tu re  o f  wh l ch  i s  s t rong l y  damaged  by  neu t ron
bombardmen t .  We  p resen t  i n  t h i s  commun j - ca t i on  da ta  on  the  va r i a t i on  o f  T .  o f

UeFe samples fo l lowing neutron bombardment  and fo l lowing a subsequent  annJal ing.

T h c  s r r n c r . n o n r t r r n t i r r i t v  o f , t i i l  C o m p o u n d  U e F e  w l t h  T -  =  3 . 9 o K  w a s  o b s e r v e d  b yu y u r  v v l r u u v  v f  v f  v J

Chandrasekhar  and Hufm i -n  1958 t5 l .  X- ray  s t ruc tu re  inves t iga t ions  o f  th is
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compound  a re  repo r ted  i n  [ 6 ] .  H i1 ]  and
Matth las [7]  measured T"  of  pseudoblnary
compounds  p roduced  by  f us ing ,  l n  d i f f e r -
ent  rat ios,  two neighbor ing members of
t h e  s e r i e s  U s M n ,  U s F e ,  U s C o ,  a n d  U e N i .
They have shown that  UeFe has the h ighest
T "  o f  a l l  t he  ob ta lned  samp les .  The

cr i t ica l -  temperature of  the other  samples
dec reased  g radua l l y  w l t h  chang ing  compos l -
t i o n  b o t h  1 n  t h e  d i r e c t i o n  o f  U s M n  ( T "

=  2 . 3 o K )  a n d  i n  t h e  d i r e c t i o n  o f  U 5 N l
( T "  =  o . 4 0 K )  .

These  au tho rs  po in ted  ou t  t he  ex i s -
t ence  o f  a  co r re la t i on  be tween  T "  o f  t he

compounds of  the aforement ioned ser ies and
the average number of  unbalanced e l -ect ron
sp ins  pe r  a tom o f  t he  magne t i c  e lemen ts
con ta ined  i n  t he  compound  when  these  e1e -
men ts  a re  i n  t he  me ta l - l j - c  o r  a l l oyed
s t a t e .

B loch  has  shown  tha t  neu t ron  i r r ad ia -
t l on  o f  Ue  Fe ,  up  to  t he  bu rn l -ng  ou t  o f

abou t  5  x  f 0 -6  o f  t he  t o ta l  number  o f
u ran lum a toms ,  causes  comp le te  d i sappea r -
ance of  the d i f f ract ion maxima on the x-
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ray pat tern of  the compound.  This phenomenon was at t r ibuted to the t ransl t i -on
o f  t he  compound  i n to  an  "amorphous  s ta te ' ?  as  a  resu l t  o f  des t ruc t i - on  o f  t he
c rys ta l  s t ruc tu re  by  t he  u ran ium f i ss ion  f ragmen ts .  Annea l - i ng  a t  450oC re -
s to red  fu l1y  t he  d i f f r ac t i on  pa t te rn  o f  t he  i r r ad ia ted  samp les .

We  p repa red  the  i n i t i a l  UsFe  samp les  by  vacuum me l t i ng  i n  an  l nduc t i on
fu rnace  and  subsequen t  anneaJ - f r l g  q t  790oC fo r  10  hou rs .  The  samp les  we re  1 r -
rad ia ted  a t  60oc  i n  a  t he rma l ' - neu i ron  f f ux  3  x  1012  neu t / cm2sec  up  to  bu rnup
of  4 x  l -0-6 of  the tota l -  number of  the uranlum atoms.

The  T "  o f  t he  UeFe  samp les  was  de te rm ined  f rom the  change  o f  t he  l nduc -

tance  o f  a  sma l1  co i l -  w i t h  t he  samp le  p laced  i n  i t ,  w i t h  t he  t empera tu re  l - ow-
e red  by  pump ing -o f f  t he  he l i um.  The  ac  b r i dge  (R -571 )  ope ra t l ng  a t  f  kHz  was
ba l -anced  a t  4 .2 "K .  The  change  o f  t he  b r i dge  ou tpu t  vo l t age  when  the  samp le
became supe rconduc t i ng  was  reg i - s te red  w i th  a  ca thode  vo l tme te r  (VK-7 )  as  a
fune t i on  o f  T .  Fo r  ce r ta in  samp les r  T "  was  de te rm i -ned  f rom ' the  change  o f  t he

r e s i s t a n c e  w i t h  t h e  a i d  o f  a  l - o w - r e s j - s t a n c e  d c  p o t e n t i o m e t e r  ( R - 3 3 0 ) .  N o  s i g -
n l f i can t  d i f f e rences  were  obse rved  be tween  the  resu l t s  ob ta lned  by  t he  two
i n d i c a t e d  m e t h o d s .

X - r . av  ne t te rns  o f  UeFe  be fo re  and  a f t e r  i r r ad ia t i on  a re  shown  i n  F igs .  ] a
and  1b .  The  i ncomp le te  d i sappea rance  o f  t he  x - ray  max lma  can  be  a t t r i bu ted  to
pa r t i a l  r econs t ruc t i on  o f  t he  s t ruc tu re  du r i ng  the  i r r ad ia t l on  t ime ,  s i nce  the
l r rad ia t i on  dose  was  pe r fec t l y  su f f i c i en t  t o  cause  the  en t i r e  ma te r i a l  t o  go

th rough  the  s ta te  o f  t he  t he rma l  peak .

A  p lo t  o f  t he  supe rconduc t i - ng  t rans i t i on  o f  t he  l r r ad ia ted  UeFe  i s  shown

i n  F i g .  2 a ,  W e  s e e  t h a t  i n  t h i s  c a s e  T "  e q u a l s  1 . 6 o K ,  i . e . ,  i t  i s  d e c r e a s e d

by  an  app rox lma te  f ac to r  2 .5  compared  w i th  t he  T "  i n i t i a l  UeFe ;  a t  t he  same

t ime ,  t he  t r ans i t i on  rema ins  compara t i ve l y  ab rup t .
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The j-ruadiated samples were anneal-ed in pure hel ium at temperatures from
350 to  5000C fo r  I  hours .  The t rans i t ion  curves  o f  the  samples  a f te r  annea l ing
a r e  s h o w n  i n  F i g .  2 b .  A f t e r  a n n e a l i n g  a t  5 0 0 o C ,  T c  r e a c h e s  a  v a l u e  3 . 9 " K ,
1 . e . ,  i t  r e t u r n s  t o  1 t s  i n l t i a l  v a L u e  o b s e r v e d  f o r  t h e  o r i g i n a l  U e F e .  T h e
t rans i t ions  remain  re la t i ve l -y  abrup t  bo th  a f te r  the  in te rmed ia te  and a f te r  the
f ina l -  annea l lng .  A  recons t ruc t ion  o f  the  c rys ta l  s t ruc twe o f  the  compound
takes  p lace  s imu l - taneous ly  w l th  the  r i se  o f  T^ .

T ) i  s r . c o n r . d i  n s  t h e  h r r n n f  h o q i  <y - - . . - - , - ;  o f  Ma t th i . "  l r rO  H i l l  [  7 f  t ha t  t he  supe rcon -
duc t i v i t y  o f  compounds  o f  t he  UeFe  t ype  i s  b rough t  abou t  by  a  spec ia l  "mag-
ne t i c ' r  mechan i sm,  a  hypo thes i s  i nsu f f i c i en t l y  we l -1  f ounded  a t  p resen t ,  i t  mus t
be  assumed  tha t  t he  change  o f  T .  upon  "amorph i za t i - on "  o f  t he  UeFe  shou ld  be  due

to  t he  change  o f  t he  phonon  "p "J t "u r  o r  o f  t he  e lec t ron  d .ens i t y  o f  s ta tes  on
the  Fe rm i -  su r face ,  o r  t o  bo th  s imu l taneous l y .  S ince  the  so f ten ing  o f  t he  pho -
non  spec t rum,  wh i ch  appa ren t l y  shou ld  accompany  the  t rans i t i on  i n to  a  nea r -
amorphous  s ta te ,  l eads  acco rd lng  to  McMi l - l an  t o  a  r i se  o f  T^ ,  i t  mus t  be  as -

sumed  tha t  t r amorph i za t i on "  o f  UsFe  i s  accompan i -ed  by  a  p reaJminan t  l ower ing  o f
N ( O ) ,  j u s t  a s  i n ' .  t h e  c a s e  o f  t h e  d i s o r d e r e d  N b  f i l - m s  e m p l o y e d  b y  S t r o n g i n  [ 4 ] .

One  canno t  exc l -ude ,  howeve r ,  ano the r  exp lana t i - on  o f  t he  obse rved  e f f ec t ,
connec ted  w i th  t he  change  o f  t he  magne t i c  s ta te  o f  t he  i r on  a tom upon  des t ruc -
t i on  o f  t he  compound ,  an  e f f ec t  t ha t  can  exe r t  on  T .  an  i - n f l uence  s im i l a r  t o

the  i n f l uence  o f  a  pa ramagne t i c  impur i t y  i n  a  supe rJonduc t i ng  a11oy .  Thus ,
the  mechan i sm respons ib l -e  f o r  t he  change  o f  T^  o f  i r r ad ia ted  U5Fe  i s  no t  ye t

comp le te l y  c l ea r ,  and  ca l - l - s  f o r  f u r t he r  resea i ch .

T h e  a u t h o r s  a r e  g r a t e f u l  t o  R . 0 .  Z a i t s e v ,  N . M .  M i k h e e v ,  V . N .  S a m o i l o v ,  a n d
N.A .  Che rnop lekov  fo r  use fu l  d i scuss ions ,  and  V .P .  Somenkov  fo r  he lp  w i t h  t he
x - ray  i nves t i ga t i on  o f  seve ra l  samp les .
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