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A b s tra c t

The m a g n e tic  s t r u c t u r e s  and t r a n s f o r m a t io n s  in  th e  o rd e re d  p h a se s  
o f  th e  Mn-Pt sy s tem  have b een  in v e s t i g a t e d  in  a  w ide c o n c e n t r a t io n  ran g e  by  
m a g n e tic , x - r a y  and n e u tro n  d i f f r a c t i o n  m e thods. The p r o p e r t i e s  o f  th e  
Mn^Pt-^ and M n^g.Fe^Pt sy stem s have b een  a l s o  s tu d ie d .

The t r i a n g u l a r  and th e  c q l l i n e a r  a n t i f e r ro m a g n e t ic  s t r u c t u r e s  b o th  
found  in  th e  Mn^Pt p h ase , un d erg o  a f i r s t - o r d e r  t r a n s f o r m a t io n  i n t o  each 
o th e r  a t  a c r i t i c a l  v a lu e  o f  th e  l a t t i c e  p a ra m e te r  w here th e  n e x t  n e a r e s t  
n e ig h b o u r  i n t e r a c t i o n  changes s ig n .  I n  th e  MnPt p h ase  a s im p le  a n t i f e r ro m a g 
n e t i c  s t r u c t u r e  o c c u rs  w ith  th e  d i r e c t i o n s  o f  th e  m a g n e tic  moments d ep en d en t 
on c o n c e n tr a t io n  and  te m p e ra tu re .  T here i s  no d i r e c t  c o n n e c tio n  betw een  th e  
a n is o t ro p y  en e rg y  and th e  l a t t i c e  d im e n s io n s . The MnPt^ phase h a s  sim p le  
fe r ro m a g n e tic  s t r u c t u r e .

The m easu red  t r a n s i t i o n  te m p e ra tu re s  a re  sum m arized i n  m agnetic  
ph ase  d iag ram s. The m ag n e tic  s t r u c t u r e s  and  t r a n s fo rm a tio n s  o f  th e  Mn-Pt 
sy stem  a re  e x p la in e d  by assum ing n e a r e s t  and n e x t n e a r e s t  n e ig h b o u r  i n t e r 
a c t io n s  dependen t on th e  in te ra .to m ic  d i s t a n c e s .  The m agnetic  p h a s e  d iag ram  
o f  th e  Mn^Pt ph ase  c a l c u la te d  i n  the m o le c u la r  f i e l d  a p p ro x im a tio n  i s  i n  
ag reem en t w ith  th e  e x p e r im e n ta l o b s e r v a t io n s .





I . INTRODUCTION

The m e ta ls  o f th e  3d t r a n s i t i o n  s e r i e s  form  w ith  p la tin u m  i n t e r -  
m e ta l l i c  compounds o f  o rd e re d  Cu^Au and CuAu-I l a t t i c e  ty p e .  These a l lo y s  
show b o th  a n t i f e r r o m a g n e t ic  and f e r ro m a g n e tic  b e h a v io u r  and t h e i r  common 
f e a tu r e  i s  th e  e x i s t e n c e  o f o rd e re d  m a g n e tic  moment on th e  P t  atoms in  th e  
fe r ro m a g n e tic  s t a t e .

I n  th e  M n-Pt system  th e  o rd e re d  i n t e r m e t a l l i c  compounds occupy a 
c o n s id e ra b le  p a r t  o f  th e  phase d ia g ra m  o b ta in e d  by Raub and  M ahler [ l ]  from  
x - r a y  d i f f r a c t i o n  and  m ic ro sc o p ic  s tu d i e s .  At room te m p e ra tu re  th e  o rd e re d  
Mn^Pt, MnPt and MnPt^ p h ases  a re  s t a b l e  i n  th e  16-29 at% P t ,  33-60  at% P t 
and 63-83  at% P t c o n c e n tr a t io n  r a n g e s ,  r e s p e c t i v e l y .  A cco rd ing  to  th e  neu
t r o n  d i f f r a c t i o n  m easurem ents r e p o r te d  by S idhu  e t  a l . [2] i n  Mn^Pt two
a n t i f e r ro m a g n e t ic  s t r u c t u r e s ,  n o t  s p e c i f i e d  i n  d e t a i l ,  w i th  d i f f e r e n t  N éel 
te m p e ra tu re s  c o e x i s t .  The com p arab le  compound Mn^Rh h a s  a  n o n - c o l l i n e a r , 
t r i a n g u l a r  a n t i f e r ro m a g n e t ic  s t r u c t u r e  [3] • The m a g n e tic  p r o p e r t i e s  of
MnPt a l lo y s  w ere in v e s t ig a t e d  by  B run e t  a l . [4] who o b s e rv e d , i n  a d d i t io n
to  th e  b a s ic  a n t i f e r ro m a g n e tis m , th e  p re se n c e  o f fe r ro m a g n e tism  below  600° К 
i n  sam ples w ith  h ig h e r  th a n  52 at%  P t .  The m a g n e tic  s t r u c t u r e  a t  room tem per
a tu r e  was found  to  be  s im p le  a n t i f e r ro m ag n e tic  and th e  d i r e c t i o n  o f  th e  
m agnetic  moment to  depend  on c o n c e n t r a t i o n  [5- 6] . A t  th e  s to ic h io m e t r i c  
c o n c e n t r a t io n  th e  l a t t i c e  p a ra m e te r s  a  and c_, m easured a t  room te m p e ra tu re ,  
a re  a t  a maximum and a  minimum, r e s p e c t i v e l y .  The MnPt^ a l l o y  i s  fe rro m a g 
n e t i c  [ 7] .

Among th e  o th e r  i n t e r m e t a l l i c  compounds of th e  3<1 m e ta ls  w ith  
p la tin u m , F e ^ P t, F e P t,  CoPt and C oPt^ a re  fe r ro m a g n e tic  [8-11] , w h ile  C rP t 
and C rP tj  have a n t i f e r r o m a g n e t ic  and fe r r im a g n e t 'ic  s t r u c t u r e s ,  r e s p e c t iv e l y  
[12 ] .  The m ag n e tic  s t r u c t u r e  o f  F eP t^  i s  a n t i f e r r o m a g n e t ic  o r  f e r ro m a g n e tic ,  

depending  on c o n c e n t r a t io n  and a to m ic  o rd e r in g  [13] • The m ag n e tic  m easure
m ents in  th e s e  compounds were a n a ly s e d  and th e  s ig n s  o f th e  exchange i n t e r a c 
t i o n s  e s t im a te d  by S a to  [14] on th e  b a s i s  o f  an  I s in g  m odel o f  fe r ro m a g n e tism .

I n  o rd e r  to  g e t  some i n s i g h t  in to  th e  n a tu re  o f  th e  exchange i n t e r 
a c t io n s  o f  th e  Mn-Pt sy stem , an e x te n s iv e  s tu d y  on a l l  o rd e re d  p h a se s  o f  th e  
system  was peform ed u s in g  m a g n e tic , x - r a y  and n e u tro n  d i f f r a c t i o n  m eth o d s.
The o b s e r v a t io n  o f  an  a n t i f e r r o m a g n e t ic - a n t i f e r r o m a g n e t i c  /A F-A F/ t r a n s fo rm s -



t i o n  o f  f i r s t - o r d e r  i n  Mn^Pt [15-17J and th e  o c c u rre n c e  o f  a  t r a n s f o r m a t io n  
a s s o c ia t e d  w ith  a  tu r n  o f  th e  m ag n e tic  moments w i th  r e s p e c t  /to  th e  t e t r a 
g o n a l a x is  i n  MnPt [ l 8 ] h av e  b een  a l r e a d y  r e p o t t e d  in  s h o r t  co m m u n ica tio n s . 
The p r e s e n t  p a p e r  g iv e s  a  f u l l  a cco u n t o f  th e  i n v e s t i g a t i o n  c o v e r in g  a w ide 
c o n c e n t r a t io n  ra n g e ,  in c lu d in g  th e  r e s u l t s  o b ta in e d  f o r  some t e r n a r y  
/p s e u d o - b in a r y /  a l lo y s  b a se d  on Mn^Pt.
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I I .  EXPERIMENTAL

The m ag n e tic  s t r u c t u r e s  and t h e i r  t r a n s f o r m a t io n s  w ere i n v e s t i g a t 

ed on b in a ry  Мп2+х^ 2-х* ®*nl + x ^ l - x  an<  ̂ ^ n l + x ^ 3- x  aa weH  a s  on t e r n a r y  
/  p s e u d o -b in a ry /  Mn^Pt-j,_yRh^. and Mnj_zF ezP t a l l o y s  w ith  d i f f e r e n t  con
c e n t r a t i o n s  x ,  у  and z .

The a l l o y s  were p re p a re d  i n  a rg o n  a tm o sp h ere  by m e ltin g  m e ta ls  o f  
99»9 % p u r i t y  i n  in d u c t io n  f u r n a c e .  F or m a g n e tic  m easurem en ts b u lk  sp e c im e n s , 
f o r  d i f f r a c t i o n  s tu d ie s  f i n e  pow ders o b ta in e d  by f i l i n g  w ere u s e d .  To g e t  
th e  o rd e re d  p h a se s  th e  sp ec im en s w ere a n n e a le d  i n  q u a r tz  tu b e s  e v a c u a te d  to  
10“ 4 T o r r .  The i n i t i a l l y  lo n g  a n n e a lin g  /8 0 -1 2 0  b /  a t  700 -800° G was l a t e r  
re d u c e d  to  2 -3  h ,  s in c e  a t  t h i s  te m p e ra tu re  ra n g e  t h i s  p ro v ed  to  be s u f f i 
c i e n t  f o r  rem oving th e  e f f e c t  o f c o ld -w o rk in g  and  f o r  th e  o rd e r in g  p r o c e s s .  
X -ra y  d i f f r a c t i o n  showed h ig h ly  o rd e re d  homogeneous p h a se s , w ith  l a t t i c e  
p a ra m e te r  v a lu e s  l i s t e d  i n  T a b le s  I - I I I ,  V and V I I ,  i n  a l l  a n n e a le d  sam p le s  
b u t  M n ^ ^ P t^ .^  w ith  x=0 ,3 2  w hich was fo u n d  to  b e  c o n ta m in a te d  by  a  t r a c e  
o f  Mn^Ft p h ase . I n  th e  t e r n a r y  and n o n - s to ic h io m e t r ic  b in a ry  a l l o y s  a  s u b s t i 
t u t i o n a l  d i s o r d e r  o c c u rs  on th e  s u b l a t t i c e  c o n ta in in g  two com ponen ts . I n  th e  
M nj_z F ezP t sy stem  o n ly  sam p les  w ith  z lo w er th a n  0 ,7  were i n v e s t i g a t e d ,  
s in c e  a l lo y s  w ith  h ig h e r  v a lu e s  o f  z w ere inhom ogeneous. The c o m p o s itio n  o f  
th e  in g o t s  was checked  by c h e m ic a l a n a l y s i s  w hich  was r e p e a te d  when a  l o s s  
i n  w e ig h t due to  a n n e a lin g  was o b se rv e d . The r e s u l t s  o f  th e  c h e m ic a l a n a ly 
s i s  a r e  in c lu d e d  i n  T a b le s  I - I I I ,  V and VTI. In  T ab le  I I I  th e  c o m p o s itio n s  
a re  s p e c i f i e d  s in c e  a l lo y s  w ith  th e  d e s i r e d  c o n c e n t r a t io n s  c o u ld  n o t be 
p ro d u c e d .

Samples o f  th e  Mn^Pt ty p e  w ere found  to  h av e  d is o rd e re d  f a c e - c e n t r e d  
c u b ic  s t r u c t u r e  a f t e r  f i l i n g .  The m ag n e tic  s t r u c t u r e  o f  t h i s  p h ase  was i n 
v e s t i g a t e d  and r e p o r te d  e a r l i e r  [19J .

The m ag n e tic  m easurem en ts w ere made by m a g n e tic  b a la n c e  i n  th e  
ra n g e  from  l i q u i d  n i t r o g e n  te m p e ra tu re  up to  800° C. The sam p les  f o r  th e  
h ig h  te m p e ra tu re  e x p e r im e n ts  w ere s e a le d  in  q u a r tz  am pules a t  a  p r e s s u r e  o f  
10” 4 T o r r .
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For th e  room te m p e ra tu re  x - r a y  d i f f r a c t i o n  s tu d ie s  a  D ebye- 
S c h e r r e r  cam era w ith  CrK<< r a d i a t i o n  was u sed , w h ile  fo r  h ig h  tem pera
t u r e s ,  up to  900° C, a fu rn a c e  f i l l e d  w ith  30 % H2 and  70 % N2 gas  m ix tu re  
and m ounted on a P h i l i p s  d i f f r a c to m e te r  was a p p l i e d .

The n e u t ro n  d i f f r a c t i o n  m easurem ents from  l i q u i d  h e liu m  tem pera
tu r e  up to  800° C a t  10" 4 T o rr  p re s s u re  w ere p e rfo rm e d  by th e  a u to m a t i c a l ly  
c o n t r o l l e d  d i f f r a c to m e t e r .  P á r t  of th e  n e u tro n  d i f f r a c t i o n  m easurem ents 
r e p o r te d  e a r l i e r  [15] was r e p e a te d  w ith  in c re a s e d  n e u tro n  f lu x  a v a i l a b l e  
owing to  th e  r e c o n s t r u c t io n  o f  th e  r e a c t o r .

I I I .  POSSIBLE MAGNETIC STRUCTURES

The L a n d a u - th e o ry  o f  th e  s e c o n d -o rd e r  p h a se  t r a n s f o r m a t io n s  [20] 
makes i t  p o s s ib le  to  i n v e s t i g a t e  th e  change in  sym m etry d u r in g  a se c o n d - 
o rd e r  t r a n s f o r m a t io n ,  th u s  to  d e te rm in e  th e  m a g n e tic  s t r u c t u r e s  w hich can  
a r i s e  from  th e  p a ra m a g n e tic  phase  in  a  s in g le  s e c o n d -o rd e r  t r a n s f o r m a t io n  
[21] . I n  t h i s  m ethod th e  m a g n e tic  moment d e n s i ty  M(r) of th e  sy stem  i s  

e x p re s se d  by th e  b a s ic  f u n c t io n s  o f  th e  i r r e d u c i b l e  r e p r e s e n t a t i o n s
o f  th e  symmetry g ro u p  in  th e  p a ra m a g n e tic  p h a se , a s

m
of , L

w here £u / d  = x , y , z /  i s  th e  a x ia l  v e c to r  in  th e  d i r e c t i o n  oL . The 
f r e e  en e rg y  o f th e  sy stem , w hich  must b e  i n v a r i a n t  u n d er th e  sym m etry 
t r a n s f o r m a t io n s ,  c a n  be g iv e n  by  i n v a r i a n t  e x p re s s io n s  c o n s t r u c te d  from  th e

ft)
c o e f f i c i e n t s  f o f  th e  form

V . ^ p / ’V c J / W e , ,  c / j ' h . . . -

J l ) ,  (t ) r f*l I/)
w here f iC ^ ja n d  f  ̂ ) a re  th e  i n v a r i a n t s  o f  second and f o u r th  o r d e r ,
r e s p e c t i v e l y ,  w h ile  A ,  and ß  a re  te m p e ra tu re  d ep en d en t c o e f f i c i e n t s .  The 

/#» * ^v a lu e s  o f  сыу  c a n  be d e te rm in e d  by m in im iz a tio n  o f  th e  f r e e  e n e rg y  f o r  
th e  a c t u a l  c r y s t a l  s t r u c t u r e  and th u s ,  by  m aking u s e  o f  the known i r r e d u c i 
b le  r e p r e s e n t a t i o n s ,  th e  s p a t i a l  d i s t r i b u t i o n  o f  th e  m agnetic  moment can  be 
o b ta in e d  from e q u a t io n  f l ) .

S ince th e s e  c a l c u l a t i o n s  seem to  be v e ry  p ro m isin g  f o r  th e  i n t e r 
p r e t a t i o n  o f n e u t ro n  d i f f r a c t i o n  d a t a ,  th e y  were c a r r i e d  o u t f o r  th e  m agnet
i c  u n i t  c e l l  d im en s io n s  in f e r r e d  from  th e  m easu rem en ts . The r e s u l t s  a re  
shown f o r  Mn^Pt o f  c u b ic  Cu^Au s t r u c t u r e  in  F ig . 1 f o r  m agnetic  u n i t  c e l l s  
c o in c id in g  w ith  th e  p a ra m a g n e tic  one and d o u b led  i n  th e  d i r e c t i o n  z ,  w h ile  
th o se  f o r  MnPt o f  t e t r a g o n a l  CuAu-I s t r u c t u r e ,  w ith  m agnetic  u n i t  c e l l  o f 
th e  same s iz e  a s  th e  C -c e n tre d  p a ra m a g n e tic  B ra v a is  c e l l ,  a re  to  be seen  
in  F ig .  2 .



As a p p a re n t  from th e  f i g u r e s ,  th e  p o s s ib le  c o n f ig u r a t io n s  and 
d i r e c t i o n s  o f th e  m ag n e tic  moments a re  s t r i c t l y  p r e s c r ib e d  by sym m etry. At 
th e  same tim e , th e  p o s s i b i l i t y  o f  any moment on th e  P t  atoms i s  a l s o  de
te rm in ed  w hich i s  o f  g r e a t  im p o rtan ce  c o n s id e r in g  th e  e x p e r im e n ta l  d i f 
f i c u l t i e s  i n  e s t a b l i s h i n g  th e  e x is te n c e  o f  sm a ll m om ents.

T here a re  fo u r  p o s s ib le  c o n f ig u r a t io n s ,  m odels A-D in  F ig .  1 , 
f o r  Mn^Pt i f  th e  s i z e  o f  th e  u n i t  c e l l  re m a in s  u n ch an g e d . In  m odel A b o th  
Mn and P t  atom s may have m a g n e tic  moments a rra n g e d  f e r r o m a g n e t i c a l l y ’ and 
p o in t in g  in  e i t h e r  [100] , [110] o r  [111] d i r e c t i o n s .  The s t r u c t u r e  i s  
f e r ro m a g n e tic  o r  f e r r im a g n e t i c , d ep en d in g  on th e  r e l a t i v e  d i r e c t i o n s  o f th e  
moments on Mn and P t  a tom s. I n  model В one o f th e  t h r e e  Mn atom s o f  th e  
u n i t  c e l l  h a s  no m ag n e tic  moment w h ile  th e  moments on th e  o th e r  two a re  
a l ig n e d  a n t i f e r r o m a g n e t i c a l ly  in  d i r e c t i o n  [101] . The m ag n e tic  moments 
in  m odels C and D h av e  t r i a n g u l a r  c o n f ig u r a t io n .  C i s  p u r e ly  a n t i f e r ro m a g 
n e t i c ,  no m ag n e tic  moment i s  a llo w e d  on th e  P t atoms and  the  moments on th e  
Mn atom s a r e  c o n f in e d  to  th e  [111) p la n e  p o in t in g  in  [110] d i r e c t i o n s  
/ d i r e c t i o n s  o f  th e  f a c e - d i a g o n a l s / .  I n  D, b e s id e s  th e  t r i a n g u l a r  component 
in  th e  [111) p la n e  p o in t in g  in  [112] d i r e c t i o n s  / i n  th e  c e n t r e  o f  th e  
t r i a n g l e / ,  a f e r ro m a g n e tic  com ponent norm al to  th e  / i l l )  p la n e  i s  a llo w ed  
on b o th  Mn and P t a to m s. I f  th e  fe r ro m a g n e tic  com ponent i s  z e r o ,  th e  s t r u c 
tu r e  i s  a n t i f e r r o m a g n e t ic  and d i f f e r s  from  model C o n ly  i n  th e  d i r e c t i o n  o f 
th e  moment w i th in  th e  ( l l l )  p la n e ,  i f  th e  t r i a n g u l a r  com ponent i s  z e ro ,  th e  
s t r u c t u r e  c o in c id e s  w ith  model A.

Four a n t i f e r r o m a g n e t ic  s t r u c t u r e s ,  m odels E--H i n  F ig . 1 ,  a re  a l 
lowed i n  th e  u n i t  c e l l  doub led  i n  d i r e c t i o n  z .  A common f e a t u r e  o f  th e se  
c o n f ig u r a t io n s  i s  t h a t  p a r t  of th e  Mn atom s have no m a g n e tic  moment. The 
m agnetic  moments may p o in t in  th e  d i r e c t i o n  o f  a x is  z / a s  i l l u s t r a t e d  i n  th e  
f i g u r e /  o r  i n  th e  d i r e c t i o n s  [lOO] o r  [110] o f  the  x -y  p la n e .  M agnetic  
moment on th e  P t a tom s i s  a llo w ed  o n ly  i n  m odels G and  H.

Four c o n f ig u r a t io n s ,  m odels  I - IV  in  F ig . 2 , a r e  p o s s ib le  f o r  MnPt 
w ith  m ag n e tic  u n i t  c e l l  c o in c id in g  w ith  th e  G -c e n tre d  p a ra m a g n e tic  B ra v a is  
c e l l .  Model I  i s  f e r ro m a g n e tic  w ith  m a g n e tic  moments p o in t in g  i n  e i t h e r  
[100] o r  p.10] d i r e c t i o n s  o f th e  b a s a l  p la n e  o r  the d i r e c t i o n  o f  th e  t e t r a 

g o n a l a x i s .  The P t  atom s may have  m a g n e tic  moments, t o o .  M odels I I - I V  a re  
a n t i f e r r o m a g n e t ic  w ith  th e  same p o s s ib le  d i r e c t i o n s  o f  th e  moment a s  th o se  
i n  th e  fe r ro m a g n e tic  c a s e .  No moment on th e  P t  atom s i s  a llo w ed  in  model I I .

The n e u t ro n  d i f f r a c t i o n  m easurem en ts d e s c r ib e d  i n  th e  n e x t  s e c t io n  
w i l l  be i n t e r p r e t e d  b y  u s in g  th e  s t r u c t u r e s  o f  F ig s .  1 - 2 .

-  4 -
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IV . RESULTS

1 . M n,Pt Phase---------- p----- —------

The m a g n e tic  p r o p e r t i e s  o f  th e  Mn^Pt phase w ere s tu d ie d  by  ob
s e rv in g  th e  e f f e c t  o f  th e  d e v ia t io n  from  s to ic h io m e tr y  i n  th e  M n ^ ^ P t-^ ^ . 
sy stem  a s  w ell as  t h a t  o f  th e  s u b s t i t u t i o n  o f  Rh f o r  P t  and Fe f o r  Mn in  th e  
M n^Ptj_yRh? and Mn^_z.Fez.Pt sy s te m s . The r e s u l t s  o b ta in e d  on th e s e  sam ples 
a re  t r e a t e d  to g e th e r .

a .  M agnetic  S t r u c tu r e s

The te m p e ra tu re  dependence o f  th e  m agnetic  s u s c e p t i b i l i t y  i s  
shown i n  F ig . 3 f o r  some ty p i c a l  sam ples o f  d i f f e r e n t  c o m p o s i tio n s .  An ab
r u p t  change in  th e  s u s c e p t i b i l i t y  o ccu rs  a t  te m p e ra tu re s  depend ing  on con
c e n t r a t i o n  in  th e  sam p les  w ith  x  < 0 ,1 8  and у  <  0 ,2  . The ch an g e  i s  
accom panied by th e rm a l h y s t e r e s i s  i n d i c a t i n g  a phase t r a n s f o r m a t io n .  A 
maximum i n  th e  s u s c e p t b i l i t y  c a n  be o b se rv e d , a t  te m p e ra tu re s  d ep en d in g  
a g a in  on c o n c e n t r a t io n ,  on ly  f o r  x 0 ,1 8 ,  у -2: 0 ,2  and f o r  a l l  i n v e s t i g a t 
ed v a lu e s  o f  z , when th e  a b ru p t change does n o t o c c u r .  The low v a lu e s  o f  
th e  s u s c e p t i b i l i t y  an d  t h e i r  independence  o f  th e  m ag n e tic  f i e l d  s t r e n g t h  
su g g e s t p u re  a n t i f e r r o m a g n e t ic  s t a t e .

The n e u t ro n  d i f f r a c t i o n  m easurem ents were p e rfo rm ed  f i r s t  a t  
l i q u i d  n i t r o g e n  te m p e ra tu re .  The d i f f r a c t i o n  p a t t e r n s  o f  a l l  sp ec im en s  a re  
e s s e n t i a l l y  the same c o n s i s t i n g  o f  r e f l e c t i o n s  in d ex ed  i n  the  u n i t  c e l l  o f 
th e  CujAu l a t t i c e .  The te m p e ra tu re  dependence o f th e  i n t e n s i t i e s ,  g iv e n  f o r  
r e f l e c t i o n  fllO) i n  F ig .  4 f o r  v a r io u s  v a lu e s  o f x , show c o n s id e r a b le  mag
n e t i c  c o n t r ib u t io n s  to  the  n u c le a r  i n t e n s i t i e s .  At th e  te m p e ra tu re  o f  th e  
a b ru p t change in  s u s c e p t i b i l i t y  th e se  m a g n e tic  c o n t r ib u t io n s  v a n is h  sud
d e n ly  w i th  the  s im u lta n e o u s  ap p ea ran ce  o f  new r e f l e c t i o n s  w hich c a n  be 
in d ex ed  i n  a  u n i t  c e l l  dou b led  i n  one d i r e c t i o n .  The v a r i a t i o n  o f  th e  neu
t r o n  i n t e n s i t i e s  e x h i b i t s  th e rm a l h y s t e r e s i s ,  to o .  On f u r t h e r  h e a t in g  th e se  
new r e f l e c t i o n s  a l s o  d is a p p e a r ,  a t  te m p e ra tu re s  dep en d in g  a g a in  on c o n c e n tra 
t i o n ,  w h ich  can be s e e n  f o r  x = -0 ,1 7  in  F ig .  5 f o r  th e  r e f l e c t i o n  in d e x e d  
as  ( lO ^)  i n  the o r i g i n a l  o r  ( lO l) in  th e  d o u b le d  u n i t  c e l l .  Above th e s e  
te m p e ra tu re s  no m a g n e tic  s c a t t e r i n g  can be d e te c te d  in  th e  n e u tro n  d i f f r a c 
t i o n  p a t t e r n s .  The a b ru p t  change in  the n e u t ro n  i n t e n s i t i e s ,  th e  th e rm a l 
h y s t e r e s i s  and th e  a p p e a ra n c e  o f  new r e f l e c t i o n s  c a n n o t be o b se rv e d  f o r  
x  2: 0 ,1 8 ,  у 0 ,2  and f o r  a l l  i n v e s t ig a t e d  v a lu e s  o f  z ,  th e  m a g n e tic  con
t r i b u t i o n s  to  the  n u c l e a r  r e f l e c t i o n s  v a n is h  sm ooth ly  i n  th e se  c a s e s  a t  
a  te m p e ra tu re  c o r re sp o n d in g  to  t h a t  of th e  maximum i n  s u s c e p t i b i l i t y .

A tr a n s f o r m a t io n  from  an  o rd e re d  m ag n e tic  s t r u c t u r e  w ith  u n i t  c e l l  
o f  th e  same siz.e a s  th e  p a ra m a g n e tic  one i n t o  a n o th e r  w ith  a u n i t  c e l l
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d p u b le d  i n  one d i r e c t i o n  i s  s e e n  to  o c c u r  on in c r e a s in g  th e  te m p e ra tu re  
i n  sam ples w ith  x  < 0 ,1 8  and  у < 0 ,2  w h ile  on c o n tin u e d  h e a t in g  a 
f u r t h e r  t r a n s f o r m a t io n ,  now in t o  th e  p a ra m a g n e tic  s t a t e ,  ta k e s  p la c e .  In  
th e  r e s t  o f  th e  sam p les  th e  low  te m p e ra tu re  s t r u c t u r e  u n d e rg o e s  a  t r a n s 
fo rm a t io n  d i r e c t l y  in to  th e  p a ra m a g n e tic  s t a t e .  In  o r d e r  to  e s t a b l i s h  th e  
m ag n e tic  s t r u c t u r e s ,  th e  s t r u c t u r e  f a c t o r s  o f  th e  m odels shown i n  f i g .  1 
have to  be e v a lu a te d  and com pared w ith  th e  e x p e r im e n ta l i n t e n s i t i e s .  Con
s id e r in g  th e  s u s c e p t i b i l i t y  r e s u l t s ,  o n ly  th e  p u re  a n t i f e r r o m a g n e t ic  m odels 
have to  be ta k e n  I n to  a c c o u n t.

The m a g n e tic  s t r u c t u r e  f a c t o r s  f o r  a c o l l i n e a r  s t r u c t u r e  a re  
g iv e n  [22] by th e  e x p re s s io n

I Fhkl\ = P}«*P (2  Vi kq ) I “ (fhlrl  )|

where p . ,  к  and r ..  a re  the  m ag n e tic  s c a t t e r i n g  a m p litu d e , th e  r e c i p r o c a l
J ~  ~ J  p 2

l a t t i c e  v e c to r  and  th e  a to m ic  p o s i t i o n  v e c t o r ,  r e s p e c t i v e l y .  9-hkl = s ^n
w here cL i s  th e  a n g le  o f  th e  m ag n e tic  moment w ith  r e s p e c t  to  th e  [hkl]

2d i r e c t i o n .  The a v e ra g e  o f  qhk1 f o r  th e  p o l y c r y s t a l l i n e  ca se  was c a l c u la te d  
by  S h ira n e  [23] » f o r  t e t r a g o n a l  sym m etry, e .g .

c , U ,  > ,  M W ffry y w g
IS)

w here a  and c a r e  th e  l a t t i c e  p a ra m e te rs  o f the  t e t r a g o n a l  u n i t  c e l l  and 
f c i s  th e  a n g le  o f  th e  m a g n e tic  moment w ith  r e s p e c t  to  th e  a x i s  c .

The s t r u c t u r e  f a c t o r s  o f  m odel В can  be e a s i l y  o b ta in e d  from  /3J
as

M  * 8 *
’ J -  P*n f o r  h , k , l  mixed

\*„0 f o r  h , k , l  unm ixed

The s t r u c t u r e  f a c t o r s  of th e  t r i a n g u l a r  m odels were e v a lu a te d  by  
d iv id in g  th e  s t r u c t u r e  in to  t h r e e  c o l l i n e a r  s u b s t r u c tu r e s  w ith  te t r a g o n a l  
sym m etry a lo n g  th e  ax es  x ,  у  and z .

»**.</.* ' (5 )

w here th e  s u b s c r i p t s  x , у  and z r e f e r  t o  th e  s u b s t r u c tu r e s  a lo n g  th e  r e s p e c -  
2t i v e  a x e s .  < has  th e  s im p le  fo rm s

)■  h v iV T 1 ( ^ ч . ч )
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and th e  s t r u c tu r e  f a c t o r s  f o r  model C a r e

IРин.* I* y n I / -  е х р /. П (ЬЧ)}\*

fakl. ' /ll J^Z  11 -exp fill  ( t -h)]  I*

j F/ik I, г f * \ l -  e x p [ i l f h - h ) ] \

w h ile  f o r  model D we have

“ "Ял| 7 -  e>p[ i I f f h-k) ]  - c x p  [ i H ( h -1)]\

|Fa A/J** - e»p[  iff  f  k - h ) ]  - e x p [ i  Hfk-  f ) ] j

\Fhk , / , ^ \ 2 - e * p [ > T I U - h ) ) - . * p b T I ( t - k ) ] \ '

As seen  fro m  th e se  e x p r é s s io n s ,  no m ag n e tic  r e f l e c t i o n s  w ith  
h , k , l  unm ixed / a l l  ev en  o r  a l l  o d d / o c c u r .  S in ce  th e  s t r u c t u r e  f a c t o r e  f o r  
th e  n u c le a r  s c a t t e r i n g  a re

\ ы Х * < ьмп " öpí ) f o r  h , k , 1 mixed

\Fhkl\ - n b * „ t b p< ) f o r  h , k , l  unm ixed

where b ^ n and bp^ a r e  th e  n u c le a r  s c a t t e r i n g  a m p li tu d e s ,  th e  m a g n e tic  and 
n u c le a r  s c a t t e r i n g s  a p p e a r  to g e th e r  f o r  a l l  m odels i n  th e  r e f l e c t i o n s  w ith  
mixed h , к , 1 .

The v a lu e s  o f

u n i t  c e l l  a re  sum m arized 
e q u a t io n  (4) w ith  c= 2a .  
ap p e a r s e p a r a t e ly .

I p
T ’ o b ta in e d  f o r  m odels E-H in  th e  d o u b le d

h k l  I
2in  T ab le  IV , th e  v a lu e s  o f  < qh v -, )  a re  g iv e n  by 

As s e e n ,  th e  m a g n e tic  and n u c l e a r  r e f l e c t i o n s

I n  th e  co m p ariso n  o f  th e  c a l c u l a t e d  and m easu red  s t r u c t u r e  f a c 
to r s  o f  C o r l i s s  e t  a l .  |2 4 ] w ere u se d . I n  th e  t e r n a r y  and  n o n - s to ic h io m e t r ic  
b in a ry  a l l o y s  th e  s c a t t e r i n g  a m p litu d e s  h av e  to  be s u b s t i t u t e d  f o r  by  an 
av e ra g e  c o rre sp o n d in g  to  th e  a c t u a l  c o n c e n t r a t i o n s .
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At l i q u i d  n i t r o g e n  te m p e ra tu re  good ag reem en t can  be o b ta in e d  i n  
a l l  c a s e s  w ith  model D e x c e p t f o r  x  > 0 ,0 9  u s in g  th e  v a lu e s  o f  m agnetic  
moment j jMn l i s t e d  i n  T a b le s  I - I I I .  м  was ta k e n  to  be z e r o  a c c o rd in g  
to  th e  s u s c e p t i b i l i t y  r e s u l t s .  The v a lu e s  o f  /-t i n  T ab le  I I I  r e p r e s e n t  an 
a v e ra g e  f o r  th e  Mn and Fe a to m s. When x  > 0 ,0 9 , m odel D c a n n o t acco u n t f o r  
a l l  th e  o b se rv e d  m agnetic  c o n t r i b u t i o n s  to  th e  n u c l e a r  i n t e n s i t i e s .  T his 
may be e x p la in e d  by th e  a n t i f e r r o m a g n e t ic  a lig n m e n t o f  th e  m a g n e tic  moments 
o f  th e  ex ce ss  Mn atoms on th e  P t s u b l a t t i c e  w hich te n d  to  fo rm  a  у  -Mn ty p e  
a n t i f e r r o m a g n e t ic  o rd e r  [25] i n  t h e i r  e n v iro n m e n t. The o b se rv ed  and calcu r- 
l a t e d  i n t e n s i t i e s  a re  i n  good ag reem en t f o r  th e  v a lu e s  o f j u  Mn l i s t e d  i n  
T ab le  I ,  assum ing  e i t h e r  th e  h e te ro g e n e o u s  m ix tu re ,  c o r re s p o n d in g  to  th e  
a c t u a l  c o n c e n t r a t io n ,  o f  D -ty p e  t r i a n g u l a r  and у  -Mn ty p e  c o l l i n e a r  a n t i -  
f e r ro m a g n e tic  s t r u c t u r e s ,  o r  th e  homogeneous a p p e a ra n c e  o f  a ^ -M n  type  
a n t i f e r r o m a g n e t ic  component norm al to  th e  p la n e  of th e  t r i a n g l e .

Above th e  t r a n s i t i o n  te m p e ra tu re  two m a g n e tic  s u p e r r e f l e c t i o n s ,  
in d e x e d  as  (101) and (lO j) i n  th e  d o u b le d  u n i t  c e l l ,  can  be m easu red  in  a l l  
spec im ens / F i g .  5 /»  A b a r e l y  d e t e c ta b le  a d d i t io n a l  (111) r e f l e c t i o n  was ob
s e rv e d  in  th e  s to ic h io m e t r ic  a l lo y  o n ly .  As se e n  from  T able IV , th e  ab sen ce  
o f  r e f l e c t i o n s  w ith  and h - k * 2 n  i s  c h a r a c t e r i s t i c  f o r  model F .
*fc i s  e v a lu a te d  from  th e  m easured  (101) and /lO j)  i n t e n s i t i e s  a s  90° i n  a l l  

c a s e s ,  w h ile  f o r  x=0 MMn= 3 , 4+0,5 M B a t  384° K, f o r  х=Ю,07 5 ,7 + 0 ,3  M B
a t  340° К and f o r  x = - 0 ,1 7  3 , 6 + 0 , 2 a t  340° К were o b ta in e d .  The
a p p e a ra n c e  o f  th e  weak (111) r e f l e c t i o n  in  th e  s to ic h io m e t r i c  sam ple  in d i 
c a t e s  an  o r d e r ,  l i k e  t h a t  i n  m odels G and  H, on th e  m a g n e t ic a l ly  d is o rd e re d  
s i t e s  o f  model F . The o rd e re d  moment on th e se  s i t e s ,  how ever, m ust be v e ry  
sm a ll as  com pared w ith  th e  v a lu e s  f o r  model F . T h u s, th e  b a s ic  m ag n e tic  
S t r u c t u r e  above th e  t r a n s i t i o n  te m p e ra tu re  can  be c o n s id e re d  to  be model F 
w ith  m agnetic  moments ly in g  i n  th e  p la n e  norm al to  a x i s  z .

b .  M agnetic  S t r u c tu r e  T ra n s fo rm a tio n s

The N ée l te m p e ra tu re s  T^ f o r  th e  c o l l i n e a r  phase and  T^ f o r  
th e  t r i a n g u l a r  p h a s e , when th e  c o l l i n e á r  s t r u c t u r e  d o es  n o t o c c u r ,  as  w e ll  
a s  th e  te m p e ra tu re  T^ o f  th e  t r a n s f o r m a t io n  from  t r i a n g u l a r  i n t o  c o l l i n e a r  
s t r u c t u r e ,  d e f in e d  as  th e  c e n t r e  o f  th e  h y s t e r e s i s  lo o p ,  were d e te rm in e d  
from  th e  te m p e ra tu re  v a r i a t i o n  o f  th e  n e u t ro n  i n t e n s i t i e s  and a r e  g iv e n  in  
T a b le s  I - I I I .  Due to  the  c lo s e n e s s  o f  Tfc and T ^, th e  l a t t e r  c o u ld  n o t 
be d e te rm in e d  f o r  th e  sam p les  w ith  x = 0 ,0 9  and y = 0 , l .  The v a lu e s  of TN 
and Tj| marked in  F ig .  3 a r e  ta k e n  from  th e  n e u tro n  d i f f r a c t i o n  m easu rem en ts .

The a b ru p t  v a r i a t i o n s  accom panied  by th e rm a l h y s t e r e s i s  i n  the  
s u s c e p t i b i l i t y  and  th e  n e u t r o n  m easurem ents s u g g e s t th e  t r a n s f o r m a t io n  from  
t r i a n g u l a r  in t o  c o l l i n e a r  s t r u c t u r e  to  be  o f f i r s t - o r d e r .  A c c o rd in g ly , th e  
l a t t i c e  p a ra m e te r  shows a  d is c o n t in u o u s  change a t  th e  t r a n s i t i o n  te m p e ra tu re
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T, as  seen  i n  F ig .  6 t w here the te m p e ra tu re  dependence o f  th e  l a t t i c e  p a -  X»
ra m e te r ,  i s  g iv e n  from  x - r a y  d i f f r a c t i o n  m easurem ents f o r  t y p i c a l  a l lo y s  
w ith  v a r io u s  v a lu e s  o f x and y . The m agn itude o f  t h i s  d i s c o n t i n u i t y  depends 
on c o n c e n t r a t io n .  In  th e  t r a n s i t i o n  ra n g e  two d i s c r e t e  v a lu e s  o f  th e  l a t t i c e  
p a r a m e te r , in d ic a t in g  th e  c o e x is te n c e  o f  th e  t r i a n g u l a r  and c o l l i n e a r  p h a s e s ,  
can  be o b se rv e d . At th e  l a t t i c e  p a ra m e te r  o f  th e  c o l l i n e a r  phase  h as  
th e  same v a lu e ,  m easured as  3*873+0,003 St, f o r  a l l  c o n c e n t r a t io n s .  T h is  
v a lu e  seems to  be  c r i t i c a l .  Below th e  N éel te m p e ra tu re s  an  anom aly i n  th e  
th e rm a l e x p an s io n  i s  o b se rv e d , th e  s lo p e  o f th e  l a t t i c e  p a ra m e te r  c u rv e  i s  
se e n  to  d e c re a s e  below  TN f o r  the c o l l i n e a r  p h a s e  w h ile  to  in c r e a s e  below  
T^ f o r  th e  t r i a n g u l a r  p h a s e , w ith  r e s p e c t  to  th e  p a ra m a g n e tic  s t a t e .  The 
m agnitude o f  t h i s  anom aly depends on c o n c e n t r a t i o n ,  d e c re a s in g  w ith  in c r e a s 
in g  v a lu e s  o f  x ,  у and z .

The l a t e n t  h e a t  o f th e  t r i a n g u l a r - c o l l i n e a r  t r a n s f o r m a t io n  was 
found  by V incze [26] to  be 1 ,7 + 0 ,2  c a l / g  f o r  M n^Pt.

2 . MnPt Phase

The te m p e ra tu re  dependence o f  th e  m a g n e tic  s u s c e p t i b i l i t y  in  th e  
300-1100° К i n t e r v a l  i s  shown in  P ig .  7 f o r  some ty p i c a l  a l l o y s .  The s u s 
c e p t i b i l i t y  e x h i b i t s  c h a r a c t e r i s t i c  a n t i f e r r o m a g n e t ic  v a r i a t i o n  w ith  a  b re a k  
o c c u r r in g  a t  te m p e ra tu re s  depend ing  on c o n c e n t r a t io n .  Therm al h y s t e r e s i s  
c o u ld  n o t be o b se rv e d , th e  s u s c e p t i b i l i t y  has low  v a lu e s  ev en  a t  l i q u i d  
n i t r o g e n  te m p e ra tu re .

The n e u t ro n  d i f f r a c t i o n  p a t t e r n s  a t  room  te m p e ra tu re  c o n s i s t  o f 
r e f l e c t i o n s  w h ich  can  be indexed  in  th e  C -c e n tre d  B ra v a is  c e l l  o f  the  
CuAu-I s t r u c t u r e .  T hus, to  d e te rm in e  th e  m ag n e tic  s t r u c t u r e ,  th e  s t r u c t u r e  
f a c t o r s  have to  be c a l c u la te d  f o r  th e  m odels g iv e n  in  P ig . 2 . A cco rd in g  to  
th e  s u s c e p t i b i l i t y  r e s u l t s  o n ly  th e  a n t i f e r r o m a g n e t ic  m odels I I - IV  have to

I P
be ta k e n  in to  a c c o u n t.  The v a lu e s  o f  Fhk1 a re .  g iv e n  i n  T a b le  VI f o r  
x=0 i n  th e  Mn1+xPt]__x sy s te m , w h ile  th o s e  o f  < q ^  > can  b e  o b ta in e d  from  
e q u a t io n  |4 )  . I n  «rases o f  x ^  0 th e  a m p litu d e s  have  to  be s u b s t i t u t e d  f o r  
by an  av e rag e  c o r re s p o n d in g  to  th e  a c t u a l  c o n c e n t r a t io n .  As s e e n ,  th e  nuc
l e a r  and m ag n e tic  r e f l e c t i o n s  appea r s e p a r a t e l y .  The s t r u c t u r e  f a c t o r s  f o r  
m odels I I I  and IV c o in c id e  and a re  d i f f e r e n t  from  th o se  f o r  m odel I I  o n ly  in  
th e  v a lu e s  o f  (  Ч^к^ when th e  P t atom s have no moment. Good ag reem en t can  
be o b ta in e d  be tw een  th e  n e u tro n  i n t e n s i t i e s  c a l c u l a t e d  and m easu red  a t  room 
te m p e ra tu re  by ta k in g  the v a lu e s  o f ja Mq and f ( a s  l i s t e d  i n  T ab le  V and 
by assum ing  M p t =0. The v a lu e s  o f  MMn a t  l i q u i d  h e liu m  te m p e ra tu re  a r e ,  
w ith in  th e  e x p e r im e n ta l a c c u ra c y , th e  same as th o s e  in  T ab le  V. 7^=0°
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c o rre sp o n d s  to  model I I ,  w h ile  ' fg— 90° to  m odels I I I  and IV betw een  w hich 
i t  i s  n o t p o s s ib le  to  d e c id e  by pow der d i f f r a c t i o n  m ethod. For sam p le s  w ith  
x  > 0 th e  a n t i f e r r o m a g n e t ic  o rd e r in g  o f  th e  e x c e s s  Mn atom s in  th e  s u b l a t 
t i c e  o f P t i s  p o s s ib le  i f  i c = 9 0 ° . I n  t h i s  c a s e  th e se  Mn atom s c o n t r i b u t e  
to  th e  c o h e re n t m a g n e tic  s c a t t e r i n g ,  to o ,  th u s  м  may b e  somewhat lo w er 
th a n  th e  v a lu e s  i n  T ab le  V, i . e . ,  ju jyjn =3* 4+ 0 ,2  M 3 ,4 + 0 ,3 /U -g  and  
3 ,5 + 0 ,2 / jg  f o r  x  = 0 ,2 4 ,  0 ,2 8  and 0 ,3 2 ,  r e s p e c t i v e l y .  I t  c an n o t be d e c id e d , 
w i th in  th e  e x p e r im e n ta l a c c u ra c y , w h e th e r th e  e x c e ss  Mn atom s a re  m agnet
i c a l l y  o rd e re d  o r  n o t .

On in c r e a s in g  th e  te m p e ra tu re ,  th e  n e u tro n  i n t e n s i t i e s  r e v e a l  a 
t r a n s f o r m a t io n  o f s t r u c t u r e  I I  in t o  s t r u c t u r e  I I I  in  two n a rro w  c o n c e n tr a 
t i o n  ra n g e s  n e a r  x=0 and 0 .2 4 . Betw een th e s e  two ra n g e s  th e  a l lo y s  h ave  
s t r u c t u r e  I I  w h ile  i n  any  o th e r  ra n g e  s t r u c t u r e  I I I  p r e v a i l s  from  5° К up 
to  th e  N éel te m p e ra tu re .  The t r a n s f o r m a t io n  c a n  be e a s i l y  fo llo w e d  up by  
m easu ring  th e  te m p e ra tu re  v a r i a t i o n  o f  th e  (100) and f lO l)  m agnetic  r e f -p
l e c t i o n s ,  s in c e  d u r in g  th e  t r a n s f o r m a t io n  ( Q-poo ^  chan6 e s  from  1 ,0 0  to  
0 , 5 0 , w h ile  (q ^Q ^ )fro m  0 ,4 8  to  0 , 7 7 , a l t e r i n g  th e  i n t e g r a t e d  i n t e n s i t y  
r a t i o  Iq o O ^ lO l ^ rom 4 ! • ’ T h is i s  i l l u s t r a t e d  in  F ig . 8 f o r  x=0. The
tr a n s f o r m a t io n  ta k e s  p la c e  i n  a  w ide te m p e ra tu re  range  th e  c e n t r e  o f  w hich  
i s  ta k e n  to  be th e  t r a n s i t i o n  te m p e ra tu re  Tg. No th e rm al h y s t e r e s i s  c a n  be 
o b se rv e d . The te m p e ra tu re  dependence o f  th e  (100) r e f l e c t i o n  i s  g iv e n  f o r  
v a r io u s  a l lo y e  in  F i g .9 , th e  v a lu e s  o f  Tg and T ^ , as  o b ta in e d  from  th e s e  
c u rv e s ,  a re  in c lu d e d  i n  T ab le  V. The s im u lta n e o u s  i n v e s t i g a t io n  o f th e  
n u c le a r  i n t e n s i t i e s  showed no change in  th e  a to m ic  o rd e r in g  in  th e  te m p er
a tu r e  i n t e r v a l  in v o lv e d . The s u s c e p t i b i l i t y  c u rv e s  o f F ig .  7 show th e  b re a k  
a t  te m p e ra tu re s  c o r re s p o n d in g  to  th e  N éel te m p e ra tu re  b u t  do n o t e x h i b i t  any 
anom aly a t  Tg. •

The te m p e ra tu re  dependence o f  th e  l a t t i c e  p a ra m e te rs  was m easured  
by  x - r a y  d i f f r a c t i o n  and i s  g iv en  f o r  x=0 in  F ig .  10. Below th e  N éel tem per
a tu r e  a w e ll a p p a re n t anom aly can  be  s e e n . The m agnitude o f  t h i s  anom aly 
d e c re a s e s  w ith  d e v ia t io n  from  th e  s to ic h io m e t r y .  The m a g n e tic  s t r u c t u r e  
t r a n s fo rm a t io n  does no t a f f e c t  th e  l a t t i c e  p a ra m e te r s .

3 . MnPt-, P hase

The Mn^+xP t^ _ x  system  h as  s im p le  fe r ro m a g n e tic  s t r u c t u r e ,  th e  v a lu e s  
o f  th e  m ag n e tic  moment on th e  Mn and P t  atom s w ere d e te rm in e d  by P i c k a r t  and 
N ath an s [7] f o r  x=0.

The v a lu e s  o f  th e  C u rie  p o in t  Tg, a s  d e te rm in e d  from  the  te m p e ra tu re  
dependence o f th e  m a g n e tiz a tio n , a r e  g iv e n  i n  T ab le  VII f o r  v a r io u s  v a lu e s  
o f  x .  Above Tg th e  s u s c e p t i b i l i t y  obeys th e  C u rie -W eiss  la w .
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The te m p e ra tu re  dependence o f th e  l a t t i c e  p a ra m e te r  d o es  n o t show 
any anom aly helow  Tq .

V. DISCUSSION

1 . M agnetic  S t r u c tu r e s

I n  our e a r l i e r  r e p o r t s  [1>-17] th e  co m b in a tio n  o f  m odels F and G 
was s u g g e s te d  f o r  th e  m agnetic  s t r u c t u r e  o f  Mn^Pt above T̂ . in  o r d e r  to  
acco u n t q u a l i t a t i v e l y  f o r  th e  (lO l) , /" ill)  and (103) r e f l e c t i o n s  o b se rv ed  
b u t th e n  n o t  m e a su ra b le  to  a p p r o p r ia te  a c c u ra c y . The im proved e x p e r im e n ta l 
c o n d i t io n s  and th e  s tu d y  o f o th e r  c o m p o s itio n s  le d  to  th e  r e f in e m e n t  o f  th e  
s t r u c t u r e  w hich tu rn e d  ou t to  be  model F . The s l i g h t  s e c o n d a ry  o rd e r in g  in  
th e  s to ic h io m e t r ic  a l l o y ,  r e s u l t i n g  in  th e  weak (111) r e f l e c t i o n ,  may be 
a t t r i b u t e d  to  th e  e f f e c t  of Mn atom s on th e  P t  s i t e s  due to  a s m a l l  atom ic 
d i s o r d e r .  T his e f f e c t  i s  e x p e c te d  to  be more s i g n i f i c a n t  when x > 0  bu t 
t h i s  c o u ld  n o t be v e r i f i e d  b e c a u se  o f  th e  c lo s e n e s s  o f  Tfc and Tjj in  th e s e  
sam p les .

The m ag n e tic  s t r u c t u r e  e s t a b l i s h e d  f o r  Mn^Eh i s  in  ag reem en t w ith  
th e  r e s u l t  o f  K ouvel and K asper [3 ] b u t t h a t  f o r  Mn^Pt i s  i n c o n s i s t e n t  
w ith  th e  s t r u c t u r e s  g iv e n  by S id h u  e t  a l .  [2] . T h is d is c re p a n c y  c a n  be 
e x p la in e d  by  t h e i r  u s in g  a sam ple w ith  x  < 0 in  w hich  th e  AF-AF t r a n s f o r 
m a tion  ta k e s  p la c e  n e a r  to  room te m p e ra tu r e . Though aw are  o f  th e  c o e x i s t 
ence o f  two s t r u c t u r e s ,  th e  a u th o r s  d id  n o t  d e te rm in e  them  c o r r e c t l y  and 
f a i l e d  to  re c o g n iz e  t h e i r  t r a n s f o r m a t io n  i n t o  each o t h e r .

The m ag n e tic  s t r u c t u r e s  o b ta in e d  a t  room te m p e ra tu re  f o r  th e  
Mn-̂ +xP t-j_x  a l lo y s  a r e  in  ag reem en t w ith  th e  r e s u l t s  o f  A ndresen e t  a l .  [5 -6 J , 
The s t r u c t u r e  i s  unam biguous o n ly  when J  = 0° , w h ile  in  th e  c a s e  o f

f c = 90° th e r e  a r e  u n c e r t a i n t i e s  about th e  e x is te n c e  o f  moments on th e  P t 
s u b l a t t i c e  and th e  d i r e c t i o n  o f  th e  moments in  the b a s a l  p la n e .

The M nPtj ph ase  has s im p le  fe r ro m a g n e tic  s t r u c t u r e  in  ag reem en t 
w ith  th e  e a r l i e r  in v e s t i g a t io n s  [7] , th e  d i r e c t i o n  o f  th e  m ag n e tic  moments 
w ith  r e s p e c t  to  th e  c r y s ta l lo g r a p h i c  axes c a n n o t be d e te rm in e d  fro m  powder 
d i f f r a c t i o n  m easu rem en ts.

The v a lu e  o f  th e  m ag n e tic  moment on th e  Mn atom s in  th e  Mn^Pt phase  
i s  n o t  a f f e c t e d  by th e  c o m p o s itio n  w ith in  th e  e x p e r im e n ta l a c c u ra c y . The 
v a lu e s  o f  th e  m a g n e tic  moment i n  th e  MnPt p h ase  a re  c o n s i s t e n t  w ith  th o se  
in  o th e r  Mn a l lo y s  o f  s im i la r  ty p e  [27] and a re  a l i t t l e  h ig h e r  th a n  th o se  
in  the  Mn^Pt p h a se . A d e c re a se  i n  th e  m a g n e tic  moment w ith  in c r e a s in g  v a lu e s  
o f  x in  th e  Mn^+xPt-^_x  system  i s  o b se rv ed  w hich  may be a t t r i b u t e d  to  the 
e f f e c t  o f  i n t e r s u b l a t t i c e  Mn-Mn i n t e r a c t i o n s  e x i s t in g  i n  a l lo y s  w i th  x > 0 .
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The s u s c e p t i b i l i t y  in  th e  Mn^Pt ph ase  b e h a v e s  u n u s u a l ly .  No m axi
mum can  be o b se rv e d  a t  th e  o f  th e  c o l l  in e a r -p a ra m a g n e tic  tr a n s fo rm a 
t i o n ,  th ough  i t  a p p e a rs  i n  th e  t r i a n g u la r - p a r a m a g n e t ic  t r a n s f o r m a t io n .
Above th e  N éel te m p e ra tu re  th e  s u s c e p t i b i l i t y  does n o t  obey th e  C u rie -W eiss  
la w , The anom alous b e h a v io u r  o f  th e  s u s c e p t i b i l i t y  i n  th e  c o l l i n e a r  phase  
may b e ,  p e rh a p s , a t t r i b u t e d  t o  th e  p re se n c e  o f  m a g n e t ic a l ly  d is o r d e r e d  Mn 
a to m s.

I n  th e  MnPt phase  o u r  s u s c e p t i b i l i t y  r e s u l t s  a re  c o n s i s t e n t  w i th  
th e  N éel te m p e ra tu re s  o b ta in e d  from  n e u t ro n  d i f f r a c t i o n  b u t a r e  i n c o n s i s t e n t  
w ith  th e  r e p o r te d  m a g n e tic  d a t a  (4 -6 ] . The o b se rv ed  fe r ro m a g n e tism  in  th e s e  
e a r l i e r  s tu d ie s  may be a t t r i b u t e d  to  im p u r i t i e s ,  p ro b a b ly  th e  fe r ro m a g n e tic  
Mn2? t 20 o f  cu b ic  Fe^N ty p e , th e  fo rm a tio n  o f  w hich i n  th e  p re s e n c e  o f  a i r  
was o b se rv e d  by Yokoyama and W u ttig  [28] . S im ila r  e f f e c t  o f im p u r i t i e s  was 
o b se rv e d  i n  o th e r  Mn a l lo y s  o f  s im i la r  ty p e  [27] .

The s t a b i l i t y  r e g io n s  o f  th e  v a r io u s  m a g n e tic  s t r u c t u r e s  can  be 
s e e n  i n  F ig s .  11 -12  w here th e  m ag n e tic  p h a se  d ia g ra m s , c o n s t r u c te d  from  th e  
m easu red  t r a n s i t i o n  te m p e ra tu re  d a ta ,  a r e  shown f o r  th e  system s Mn-Pt 
and M njPt^_yBhy. F o r c o m p le te n e s s ,  th e  N ée l te m p e ra tu re s  o f  th e  d i s o r d e r e d  
f a c e - c e n t r e d  cu b ic  s o l i d  s o l u t i o n s  [19] and  p u re  j' -Mn [25] a r e  a l s o  in 
c lu d e d .

2 . I n t e r p r e t a t i o n  o f  th e  Phase D iagram s

a .  МПт-Pt R egion

The anom alous th e rm a l ex p a n s io n  o c c u r r in g  below  th e  N éel tem pera
t u r e s  / F i g .  6/  i n d i c a t e s  exch an g e  i n t e r a c t i o n s  d e p e n d e n t on th e  a to m ic  d i s 
t a n c e s .  The in c re a s e d  th e rm a l e x p a n s io n  b e lo w  T^ o f  th e  t r i a n g u l a r  phase 
s u g g e s ts  t h a t  th e  exchange e n e rg y  d e c re a s e s  w ith  d e c re a s in g  in te r a to m ic  
s e p a r a t i o n  in d i c a t i n g  an  e f f e c t i v e  i n t e r a c t i o n  J ef f»  th e  a b s o lu te  v a lu e  o f  
w hich  in c r e a s e s  w i th  d e c re a s in g  in te r a to m ic  s e p a r a t i o n .  The o p p o s i te  anom aly 
below  TN o f  the  c o l l i n e a r  p h ase  im p lie s  a  | J e ^ |  i n c r e a s in g  w ith  in c r e a s in g  
in t e r a to m ic  s e p a r a t io n .  C o n s id e r in g  th e  m ag n e tic  s t r u c t u r e s ,  i t  can  be a s 
sumed t h a t  th e  e f f e c t i v e  i n t e r a c t i o n  i s  com posed o f  th e  n e a r e s t  n e ig h b o u r  

and the  n e x t n e a r e s t  n e ig h b o u r  Jg  Mn-Mn i n t e r a c t i o n s .

Assuming n e a r e s t  and n e x t  n e a r e s t  n e ig h b o u r i n t e r a c t i o n s ,  th e  mag*- 
n e t i c  p h ase  d iag ram  ca n  be c a l c u l a t e d  i n  th e  m o le c u la r  f i e l d  a p p ro x im a tio n  
u s in g  th e  method o f  T a h i r -H h e l i  e t  a l .  [29] . The r e s u l t s  f o r  th e  Mn^Pt l a t 
t i c e  a r e  g iv e n  in  F ig .  1 J .  A ll  p o s s ib le  s t r u c t u r e s  w i th  s in g le ,  d o u b le , 
f o u r f o ld  and e i g h t f o ld  u n i t  c e l l s ,  which a r e  a llo w ed  by th e  sym m etry to  a r i s e  
from  th e  p a ram ag n e tic  phase i n  a  s in g le  s e c o n d -o rd e r  p h ase  t r a n s f o r m a t io n ,  
w ere ta k e n  in to  a c c o u n t .  The s t a b i l i t y  r e g io n s  o f  th e  r e s p e c t iv e  s t r u c t u r e s
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a re  d en o ted  by l e t t e r s  r e f e r r i n g  to  th e  m odels i n  F ig . 1 . The r e g io n s  o f 
В, C and D c o in c id e ,  s t r u c t u r e  K, n o t  shown i n  F ig . 1 , i s  c o l l i n e a r  a n t i 
fe r ro m a g n e tic  w ith  an  e ig h t f o ld  u n i t  c e l l .

The m o le c u la r  f i e l d  phase  d iag ram  y i e l d s  f o r  th e  s ig n  o f  th e  
i n t e r a c t i o n s  i n  th e  t r i a n g u la r  / s t r u c t u r e  D/ and c o l l i n e a r  / s t r u c t u r e  F /  
p h ases  < 0 , J ? > 0 and J-  ̂ <  0 ,  J 2 < 0 , r e s p e c t i v e l y .  The anom
a lo u s  th e rm a l e x p a n s io n  can  he i n t e r p r e t e d ,  i f  we lo c a te  th e s e  i n t e r a c t i o n s ,  
a s  shown i n  F ig .  13 a , on a B e th e - S lá te r  ty p e  q u a l i t a t i v e  c u rv e  [14] where 
th e  s t r e n g t h  o f  th e  i n t e r a c t i o n  i s  p l o t t e d  a g a in s t  the  r a t i o  of th e  i n t e r  
atom ic d i s ta n c e  R to  th e  3d s h e l l  r a d iu s  r .  On in c r e a s in g  R in  th e  t r i a n 
g u la r  p h a se , b o th  |J ^ | and |J 2 | th e r e b y  [ig-pfl d e c re a se  i n  a c c o rd a n c e  w ith  
th e  o b s e r v a t io n s .  In  th e  c o l l i n e a r  p h ase  |J J  d e c re a se s  w h ile  | J 2 j in c r e a s e s  
w ith  in c r e a s in g  R, th u s  Jjgj must be  v a ry in g  more s t r o n g ly  w ith  R th a n  |Jj| 
to  g e t th e  in c r e a s e  i n  |<Je £ f | o b se rv e d  e x p e r im e n ta l ly .

The m o le c u la r  f i e l d  ph ase  d iag ram  m a n if e s ts  th e  c h a r a c t e r i s t i c  
f e a t u r e s  o f  th e  e x p e r im e n ta l d a t a .  P o in ts  I - IV  i n  F ig . 13 r e p r e s e n t  d i f f e r 
e n t v a lu e s  o f  th e  r a t i o  J | J - j J  i n  th e  t r i a n g u l a r  phase a t  0 ° K. The in 
c re a s e  i n  th e  te m p e ra tu re  r e s u l t s  i n  a  d isp la c e m e n t o f th e s e  p o in t s  a lo n g  
l i n e s  l i k e  1- 4 , assum ing th e  above dependence o f  J-̂  and J 2 on th e  i n 
te ra to m ic  d i s ta n c é s  and a s t r o n g e r  v a r i a t i o n  o f  Jp . The m a g n e tic  t r a n s f o r 
m a tio n s ta k e  p la c e  w here th e se  l i n e s  i n t e r s e c t  th e  phase b o u n d a r ie s .  The 
t r a n s fo rm a t io n  from  th e  t r i a n g u l a r  i n t o  th e  c o l l i n e a r  s t r u c t u r e  /D —»-F/ 
o c c u rs  when J 2=0 , w hich  happens a t  a  c r i t i c a l  v a lu e  o f  th e  l a t t i c e  p a r a 
m e te r , found  e x p e r im e n ta l ly  as 3»873+0»003 Ä f o r  th e  c o l l i n e a r  p h a se . The 
t h e o r e t i c a l  phase  d iag ram  y ie ld s  kT /  J-, S fó+1) = -8 /3  f o r  th e  t r i p l e  p o in t  Pt
where Т=Т-^=Т^=Т^_. T ak ing  th e  v a lu e  o f  T from  th e  e x p e r im e n ta l  ph ase  
d iag ram s o f  F ig s .  1 1 -1 2  as  Т=5Ю+10° К and ta k in g  8 = 3 /2 , th e  v a lu e  o f 
can  be e v a lu a te d  f o r  Mn atom s, w hich  a re  d=3 ,& 73/ Г~2=2,74 2  a p a r t ,  a s

3 £=-51° K.

The t r a n s f o r m a t io n s  i n  s to ic h io m e t r i c  Mn^Pt can  be  r e p r e s e n te d  by 
a  l i n e  s im i l a r  to  3 i n  F ig .  13. On s u b s t i t u t i n g  Mn o r Rh f o r  P t ,  i . e . ,  on 
in c re a s in g  c o n c e n t r a t io n s  x o r y ,  a  s h i f t  from  p o in t  I I I  to w a rd s  I  ta k e s  p la c e  
a t  0° К a s  a r e s u l t  o f  th e  c o n t r a c t i o n  o f  th e  l a t t i c e  due to  th e  s m a l le r  
a tom ic r a d i i  o f  th e  s u b s t i t u t e s  / s e e  v a lu e s  o f  l a t t i c e  p a ra m e te r  in  T a b le s  
1 - 1 1 / .  T hus, th e  c o n c e n tr a t io n  d ependence  o f  eac h  o f th e  t r a n s i t i o n  tem p er
a tu r e s  o b ta in e d  from  th e  t h e o r e t i c a l  ph ase  d ia g ra m  i s  i n  q u a l i t a t i v e  a g re e 
ment w ith  th e  e x p e r im e n ta l o b s e r v a t io n s .  T here  seems to  be  an  in c o n s i s te n c y  
betw een th e  e x p e rim e n ts  and the m o le c u la r  f i e l d  model when we s u b s t i t u t e  
Fe f o r  Mn. C o n s id e r in g  th e  room te m p e ra tu re  d a t a  o f T able I I I ,  w hich show 
an  in c re a s e  i n  th e  l a t t i c e  p a ra m e te r  w ith  in c r e a s in g  z , a s h i f t  from  p o in t  
I I I  tow ards IV , i . e . ,  a s im u lta n e o u s  d e c re a s e  i n  Tfc would be e x p e c te d  in
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c o n t r a s t  w ith  o b s e r v a t io n .  However, th e  v a lu e s  o f  the l a t t i c e  p a ra m e te r  
a t  room te m p e ra tu re  do n o t  c h a r a c te r i z e  th e  a l l o y s  s in c e  th e y  a re  a f f e c t 
ed  by th e  c o e f f i c i e n t  o f  and by th e  anom aly in  th e  th e rm a l e x p a n s io n , b o th  
d ep en d en t on c o n c e n t r a t i o n .  Thus, e . g . ,  th e  d a t a  i n  T ab le  I I I  o b ta in e d  by  
e x t r a p o la t io n  from  th e  p a ra m a g n e tic  s t a t e  show an  i r r e g u l a r  sequence  o f  
th e  l a t t i c e  p a ra m e te r .T h e  e x t r a p o la te d  v a lu e s  o f  th e  l a t t i c e  p a ra m e te r  a r e  
g iv e n  i n  T a b le s  I - I I  and F ig ,  6 , to o .  Com paring th e  l a t t i c e  p a ra m e te rs  f o r  
z = 0 ,4  and x=0 ,0 7  w ith  th e  same P t  c o n c e n t r a t i o n ,  i t  can  be i n f e r r e d  t h a t  
th e  s u b s t i t u t i o n  o f  Fe f o r  Mn c a u se s  a c o n t r a c t i o n  o f the l a t t i c e  th u s  an 
in c r e a s e  i n  T^., a s  o b s e rv e d .

The m easure o f  th e  d i s c o n t in u i t y  i n  th e  l a t t i c e  p a ra m e te r  a t  T._ 2 u
d epends on th e  c o m p o s i t io n , v a ry in g  from  Л а /а = 8 ,0  , 1 0 f o r  y=0 to_ г
1 ,5  • 10 f o r  y = 0 , l  . T h is  v a r i a t i o n  can  be i n t e r p r e t e d  q u a l i t a t i v e l y  by 
th e  sch em a tic  d raw in g s i n s e r t e d  in  F ig .  6 . As th e  te m p e ra tu re  d e c r e a s e s ,  the 
l a t t i c e  p a ra m e te r  jumps a t  T̂ _ from  th e  cu rv e  o f  th e  c o l l  in e a r  phase  t o  t h a t  
o f  th e  t r i a n g u l a r  p h a se . The d is ta n c e  betw een  th e  two c u rv e s ,  i . e . ,  th e  
e x te n t  o f  th e  jum p, d e c r e a s e s  w ith  in c r e a s in g  c o n c e n t r a t io n s  x  and y ,  s in c e  
i t  i s  d e te rm in e d  by th e  s p a c in g  o f T̂ _ and T^ and  by the  m ag n itu d e  o f  th e  
anom alous th e rm a l e x p a n s io n , b o th  d e c re a s in g  w i th  in c r e a s in g  c o n c e n t r a t io n s  
x  and y .  The c u rv e s  f o r  th e  t r i a n g u l a r  phase  i n  F ig .  6 a re  draw n by  a r b i t r a r y  
d ash ed  l i n e s  as  f a r  a s  th e  v a lu e s  o f  TjJ e s t im a te d  from  th e  p h ase  d ia g ra m s 
o f  F ig s .  1 1 -1 2 . These c u rv e s  r e p r e s e n t  th e  te m p e ra tu re  dependence o f  th e  
l a t t i c e  p a ra m e te r  f o r  th e  t r i a n g u l a r  p h a se , assu m in g  no AF-AF t r a n s f o r m a t io n  
to  o c c u r .

b .  MnPt R egion

The anom alous th e rm a l, ex p a n s io n  below  th e  Néel te m p e ra tu re  / F i g .  1 0 / 
c a n  be e x p la in e d  by the  same in te r a to m ic  d i s ta n c e  d ep en d en t i n t e r a c t i o n s  
w hich  we have assum ed i n  th e  t r i a n g u l a r  phase  o f  Mn^Pt.

The l a t t i c e  p a ra m e te r  a  , i . e . ,  th e  d i s t a n c e  betw een  th e  n e a r e s t  
n e ig h b o u r  Mn a to m s, i s  a t  a  maximum a t-  th e  s to ic h io m e t r i c  c o n c e n t r a t i o n ,  
th e r e f o r e  a minimum i n  Tjj m ig h t be e x p e c te d , c o n s id e r in g  th e  d e c re a s e  i n  
|J^ I w ith  in c r e a s in g  in te r a to m ic  d i s t a n c e .  The v a lu e s  o f  T ^ ,h o w ev er, show a 

maximum a t  x=0. The d e c r e a s e  in  Tjj f o r  x  < 0 may be re g a rd e d  a s  a  d i l u t i o n  
e f f e c t  i n  th e  Mn s u b l a t t i c e ,  w h ile  th e  s t r o n g e r  d e c re a s e  f o r  x  > 0 may be 
a t t r i b u t e d  to  th e  i n t e r s u b l a t t i c e  Mn-Mn i n t e r a c t i o n s  which a f f e c t  th e  v a lu e  
o f  th e  m agnetic  moment, to o .

The s t r u c t u r e  t r a n s f o r m a t io n  a s s o c ia t e d  w ith  th e  t u r n  o f th e  mag
n e t i c  moments w ith  r e s p e c t  to  th e  te t r a g o n a l  a x i s  r e f l e c t s  a change i n  th e  
m a g n e tic  a n is o t r o p y .  In  c o n t r a s t  w ith  th e  s i m i l a r  M o r in - t r a n s i t io n  i n  
rhom bbhed ra l Ы- -FepO ^ [JO] , th e  w ide te m p e ra tu re  ran g e  o f  th e  t r a n s i t i o n ,
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th e  la c k  o f a d i s c o n t i n u i t y  i n  th e  l a t t i c e  p a ra m e te r  and th e  a b sen ce  o f 
th e rm a l h y s t e r e s i s  seem to  re n d e r  i t  q u e s t io n a b le  w hether t h i s  tra n s fo rm a 
t i o n  i s  o f  f i r s t - o r d e r .

C o n s id e r in g  th e  o n s e t  o f th e  t r a n s f o r m a t io n  in  two s e p a r a t e  ra n g e s  
o f  c o n c e n tr a t io n  and th e  e x is te n c e  o f  ex trem e v a lu e s  o f th e  l a t t i c e  p a r a 
m e te rs  a t  th e  s to ic h io m e t r ic  c o n c e n t r a t io n ,  o b se rv e d  by Brun e t  a l .  [4] 
and con firm ed  b y  th e  p r e s e n t  s tu d y , a  d i r e c t  r e l a t i o n  of th e  a n is o t r o p y  
e n e rg y  to  th e  l a t t i c e  d im en sio n s m ight be su p p o se d . T h is w ould mean th e  
a ssu m p tio n  o f  c r i t i c a l  v a lu e s  o f  th e  l a t t i c e  p a ra m e te rs  a t  w h ich  th e  ani*- 
s o tro p y  energy  chan g es s ig n .  T h is id e a  i s ,  how ever, c o n t r a d ic t e d  by  th e  
e x p e r im e n ta l d a t a ,  showing su ch  d i f f e r e n t  v a lu e s  o f  th e  l a t t i c e  p a ra m e te rs  
a t  T^ as  a= 4 ,03  ft , c= 3 ,67  ft and c /a = 0 ,9 H  f o r  x=0 and a= 3 ,93  ft,
c= 3 ,7 4  ft and c /a = 0 ,9 5 1  f o r  x=0,24* F u r th e rm o re , t h i s  a s su m p tio n  wóuld 
r e s u l t  in  a c o n c e n t r a t io n  dependence o f  th e  t r a n s i t i o n  te m p e ra tu re  Tg d i f 
f e r e n t  from  t h a t  o b se rv e d . The p r e s e n t  m easurem ents do n o t p e rm it  to  g iv e  
any e x p la n a tio n  o f  th e  t r a n s f o r m a t io n ,  f o r  more in fo rm a tio n  s i n g l e  c r y s t a l  
i n v e s t ig a t io n s  w ould  be n e e d e d .

c ,  M nPt, R egion

No anom aly  in  th e  therm al e x p a n s io n  can  be o b se rv ed  w i th in  th e  
e x p e r im e n ta l a c c u ra c y .  The v a r i a t i o n  o f  th e  C u rie  te m p e ra tu re  w ith  com posi
t i o n ,  howevei', i n d i c a t e s  a n e x t  n e a r e s t  n e ig h b o u r fe r ro m a g n e tic  i n t e r a c t i o n  

n e a r  to  o f  th e  t r i a n g u l a r  Mn-j.Pt phase  on th e  B e th e - S la te r  ty p e  c u rv e
/ F i g .  1 3 a / . On in c r e a s in g  c o n c e n t r a t io n  x  in  th e  Mn^+xP t j _ x  sy s te m , th e  l a t 
t i c e  p a ra m e te r  d e c re a s e s  /T a b le  V I I /  r e s u l t i n g  i n  an in c re a s e  i n  Jg and 
c o n se q u e n tly  i n  T g. T h is  e f f e c t  i s  w eakened by th e  p re se n c e  o f  th e  n e a r e s t  
n e ig h b o u r  Mn-Mn i n t e r a c t i o n  when x  > 0 ,  and s tr e n g th e n e d  b y  th e  d i l u t i o n  
o f  th e  Mn s u b l a t t i c e  when x  < 0 , th u s  th e  v a r i a t i o n  o f  Tß i s  n o t  l i n e a r .

In  th e  M nPtj r e g io n  > 0 i n  s p i t e  o f  the  f a c t  t h a t  th e  l a t t i c e  
p a ra m e te r  i s  g r e a t e r  th a n  a ^ p p ^ ic a l w iiere J 2 ch an g es s ig n  i n  M n^Pt. T h is  
can  be e x p la in e d  by  assum ing th a t  th e  J>d s h e l l  r a d iu s  r  i s  s m a lle b  i n
MnzP t  th a n  in  MnPt-,.3 3

The e x i s t e n c e  o f  lo c a l i z e d  moment on th e  P t  atom s íb  an  ev id e n c e  o f  
fe r ro m a g n e tic  n e a r e s t  n e ig h b o u r Mn-Pt i n t e r a c t i o n  i n  the  MnPt^ p h a s e .
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V I. CONCLUSIONS

1 . The s im p le  a n t i f e r r o m a g n e t ic  and  fe r ro m a g n e tic  s t r u c t u r e s ,  
e s t a b l i s h e d  in  th e  o rd e re d  p h a se s  o f th e  M n-Pt sy stem , a r e  p ro d u ced  by th e  
n e a r e s t  and n e x t n e a r e s t  n e ig h b o u r  Mn-Mn i n t e r a c t i o n s  w hich a r e  s e n s i t i v e  
to  th e  in te ra to m ic  d i s t a n c e s .  i s  n e g a t iv e  w h ile  Jp  i s  p o s i t i v e  o r  nega
t i v e  d ep end ing  on th e  in te r a to m ic  s e p a r a t io n .

2 . The t r i a n g u la r -  and c o l l i n e a r  s t r u c t u r e s  o f th e  Mn^Pt p h a se s  
undergo  a  f i r s t - o r d e r  t r a n s fo i 'm a tio n  i n t o  e a c h  o th e r  a t  a  c r i t i c a l  v a lu e  
o f  th e  l a t t i c e  p a ra m e te r  a t  w hich  Jp  ch an g e s  s ig n .  At th e  t r a n s i t i o n  
te m p e ra tu re  i t  was fo u n d  th a t  J-^=51° K. B o th  th e  t r i a n g u l a r  and c o l l i n e a r  
s t r u c t u r e s  a re  s l i g h t l y  m o d ifie d  i n  sam ples w ith  h ig h e r  th a ri s to ic h io m e t r i c  
Mn c o n c e n t r a t io n .

3 . A m a g n e tic  t r a n s f o r m a t io n ,  r e f l e c t i n g  a  change in  th e  a n i 
s o tro p y  en e rg y , o c c u rs  i n  th e  MnPt p h a se . A d i r e c t  r e l a t i o n  o f  th e  a n i 
s o tro p y  en erg y  to  th e  l a t t i c e  d im en sio n s  c o u ld  n o t  be e s t a b l i s h e d .
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T able I

V alues o f  th e  l a t t i c e  p a ra m e te r  a  a t  room te m p e ra tu re  
/ a s  m easu red  and a s  e x t r a p o la te d  from th e  p a ra m a g n e tic  

s t a t e / ,  th e  m ag n e tic  moment ja  a t  77° К and th e  
t r a n s i t i o n  te m p e ra tu re s  T^, TN and f o r  sam ples in  

th e  Ifeu xP t^ _ x sy s te m .

X a  (Я) Tt  ( °K) TB / ° K) Ц  i°K)
m eas. e x t r .

-  0 ,1 7 3 ,8 5 0 5 ,868 2 ,8  + 0 ,5 515+10 430+10 -

-  0 ,0 7 3 ,8 4 4 5 ,862 5 ,4  + 0 ,4 515+10 460+10 -

0

0 ,0 9

5 ,8 3 5

5 ,8 2 7

5 ,858

5 ,854

5 ,Q  + 0 ,5  

5 ,2  + 0 ,4

365+10

455+10

475+IO
co u ld  n o t 
be m easured

T

0 ,1 8 5 ,8 2 7 2 ,9  + 0 ,4 - - 510+10

0 ,2 8 5 ,8 2 2 5 ,2  + 0 ,4 — — 525+10
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T able I I

V alues o f  th e  l a t t i c e  p a ra m te r  a  a t  room te m p e ra tu re  / a s  
m easured and as  e x t r a p o la te d  from  th e  p a ra m a g n e tic  s t a t e / , 
th e  m ag n e tic  moment //* „  a t  77°K and th e  t r a n s i t i o n  
te m p e ra tu re s  T^., T^ and f o r  sam p les  in  th e  Mn^Pt-^yRh^

• sy stem .

a
( Mß) Tt  (°K ) TN Í ° K ) Tjj ( V k )- У m eas. e x t r .

0 3 ,8 5 3 3 ,8 5 8 3 ,0 + 0 ,3 365+10 475+10 -

0 ,0 5 3 ,8 3 3 3 ,8 5 4 3 ,5 + 0 ,4 415+10 465+10 ■ -

0 ,1 3 ,8 3 2 3 ,8 4 9 2 ,8 + 0 ,5 505+20 c o u ld  p o t 
be m easured

0 ,2 3 ,8 2 8 3 ,8 3 7 3 , 2+0 ,4 - - 555+10

0 ,5 3 ,8 2 0 3 ,8 2 4 3 ,5 + 0 ,4 - 685+10

1 3 ,8 1 3 3 ,6 + 0 ,4 - - 855+IO
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T able I I I

V alues o f  th e  l a t t i c e  p a ra m e te r  a  a t  room te m p e ra tu re  / a s  
m easured and as  e x t r a p o la te d  from  th e  p a ra m a g n e tic  s t a t e / ,  
th e  m ag n e tic  moment м  a t  77° К and th e  N éel te m p e ra tu re  
T^ f o r  sam ples in  th e  Mn^_zF ezP t sy stem .

C om position
a  (4)

M C“ B) t;  /°K )
m eas. e x t r .

Pe0 f21Mn2 l 76Pfcl #03 3 ,8 2 9 3 ,8 4 3 2 ,4 + 0 ,4 455+10

Fe0,41Mno KOPt-. nn 2,^)2 1 ,U / 3 ,8 3 3 3 ,8 4 6 2 ,9 + 0 ,4 415+10

3 ,8 3 6 3 ,8 4 4 2 ,6 + 0 ,4 '425+10

J



f o r  m odels in  a do u b led  u n i t  c e l l  o f th e  Си,Аиt>V alues  o f F ^ ^

l a t t i c e ,  b ^ ,  bp^ a re  th e  n u c le a r  and Р^п » Pp^ th e  m agnetic  

s c a t t e r i n g  a m p litu d e s .  The M il le r  in d ic e s  r e f e r  to  th e  d oub led  

/ t e t r a g o n a l  u n i t  c e l l .

T ab le  IV

l * 2 r t 1 1 r I n

h- k  * 2 n h - к - 2 n 11 h - к -2n h-k = 2n+ /

E 16P fc 0 4 ( ’ W  Ы ) 2 4 bMn -  b P t l 2

F 0 16I4 4 (5b Mn + bP t ) 2 4 ibMn "  bPt) 2

G 4 (pMn ~ pP t ) 2 4 (pMn + pPt) 2 4 З̂ЪМп + bP t ) 2 4 (bMn -  bP t ) 2

H 4 (pMn + pPt^ ^  pMn “  pPt)

CM's+£>

4 (bMn “  bP t ) 2
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Table V

L a t t i c e  p a ra m e te rs  a and c , m agnetic  moment м  ^  and i t s  a n g le  

Ч1 c to  a x is  c ,  a s  m easured  a t  room te m p e ra tu re  and th e  v a lu e s  o f 

th e  t r a n s i t i o n  te m p e ra tu re  Tg and th e  N éel te m p e ra tu re  i n  th e

Mn1+xP t1-x  sy stem

X a(Ä) c  ( S O c / a ( 4 в ) 1c П
ts (° x V  i°K)

- 0 ,1 8 3 ,9 6 3 ,7 3 0 ,943 4 ,3 + 0 ,3 90 - 815+10

- 0 ,1 0 3 ,9 7 3 ,7 3 0 ,9 4 0 4 ,2 + 0 ,2 90 - 905+20

- 0 ,0 4 3 ,9 9 3 ,6 7 0 ,9 2 0 4 ,2 + 0 ,2 90 < 5 955+10

0 4 ,0 0 3 ,6 7 0 ,918 4 ,3 + 0 ,2 0 ~  715 975+10

0 ,0 4 3 ,9 9 3 ,6 7 0 ,920 4 ,2 + 0 ,2 0 ~  785 885+20

0 ,13 3 ,9 7 3 ,7 1 0 ,935 3 ,9 + 0 ,2 0 - 695+20

0 ,2 4 3 ,9 3 3 ,7 3 0 ,950 3 ,5 + 0 ,2 90 ~  175 50O+IO

0 ,2 8 3 ,9 3 3 ,7 4 0 ,952 3 ,5 + 0 ,3 90 - 490+10

0 ,32 3 ,9 1 3 ,7 5 0 .960 3 ,6 + 0 ,2 90 - 485+10

I

r



T ab le  VI

Model
h , k t l  unmixed h .k * l  mixed

h -  к * 2  n h- h  -  2  n + У

I I 4 b̂Mn + b P t) 4 ib Mn “  b P t) 4 pMn

I I I 4 (bMn + b P t ) 2 4 (bMn “  b P t) 4 (pMn + pPt)

IV 4 (ЪМп + bP t l 2 4 (b Mn -  bP t) 4 (pMn + pP t)

p
V alues  o f  f ° r  mo<̂ e ^s 1° ^he CuAu-I ty p e  l a t t i c e .

^Mn’ are nuc-'-ear and Рмп* Ppt *a6netie scat
tering amplitudes.
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T ab le  V II

L a t t i c e  p a ra m e te r  a  a t  room te m p e ra tu re  and th e  

fe r ro m a g n e tic  C u rie  p o in t  T^ f o r  sam ples i n  th e  

Mn1+xP t1_x sy stem

X a (Ä) T6 (°k)

-0 ,1 4 3 ,900 355 + 20
-0 ,0 6 3,899 425 + 15

0,20 3 ,895 540 + 15





F ig .

P o s s ib le  m ag n e tic  s t r u c t u r e s  i n  th e  Cu An t ,__
z e / ^ H / ° 1¥ í l d Í De "}*£*“ “  Paraiiasnetic3 o n e ^ Í D / U d 0doűbled“in nd ir e c S o n2 /& -E / - The Mn and P t  atom s a r e  r e p r e s e n te d  by f u l l  and em pty c i t i e s

r e s p e c t i v e l y  ’

I
ro•o
I
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F ig .  2
P o s s ib le  m ag n e tic  s t r u c t u r e s  i n  th e  CuAu-I ty p e  l a t t i c e  w ith  
m ag n e tic  u n i t  c e l l  c o in c id in g  w ith  th e  C -c e n tre d  p a ra m a g n e tic  
B ra v a is  c e l l .  The Mn and P t atom s a re  r e p r e s e n te d  by  f u l l  and 
em pty c i r c l e s ,  r e s p e c t iv e l y i
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I F ig . 3
T em perature  dependence o f  th e  m agnetic  s u s c e p t i b i l i t y  f o r  some 
ty p i c a l  sam ples i n  th e  sy stem s Mn^+xP t 1 x , M n^Pt^yR h and 
Mn^_zFezP t .  The v a lu e s  o f TN and T^ m arked i n  th e  f ig u r e  

were o b ta in e d  by n e u tro n  d i f f r a c t i o n
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P ig .  4
T em peratu re  dependence o f  th e  (110) peak  i n t e n s i t y  f o r  
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F ig .  5
N eu tron  d i f f r a c t i o n  r e s u l t s  f o r  Ka P t  . / а /  P a t t e m  a t  288° К. /Ъ /  P a t t e r n  a t  340° Ж. / с /  Теш рега- 
tű r e  dependence o f  th e  (10±) and (110) r e f l e c t i o n s  in d e x ed  in  th e  o r i g i n a l  u n i t  c e l l .
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j-em peratu re  dependence o f th e  l a t t i c e  p a ra m e te r  f o r  sam ples w ith  d i f f e r e n t  v a lu e s  o f x and у  i n  th e  
^ З + х Г ^ - х  and ^ ^ l - y ^ y  sy s te m s . The v a lu e s  a t  room te m p e ra tu re  marked hy arrow  a re  e x t r a p o la te d

from  th e  p a ra m a g n e tic  s t a t e
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T E M P E R A T U R E  ( ° K )

♦ F ig .  V

■Гетреr a t u r e  dependence o f  th e  m a g n e tic  s u s c e p t i b i l i t y  f o r  v a r io u s  
a l lo y s  i n  th e  Мп^+х.РЬ^_х  sy s tem . The v a lu e s  o f T^ m arked in  th e  
f ig u r e  w ere o b ta in e d  by neutx-on d i f f r a c t i o n
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3 0 0  4 S O O  ’ 7 0 0  ' 9 0 0

T E M P E R A T U R E  ( o K )

pie. 0
N eu tro n  d i f f r a c t i o n  r e s u l t s  f o r  MnPt. / а /  P a t t e r n  a t  293° К. /Ъ / P a t t e r n  
a t  803° К. / с /  T em peratu re  dependence o f th e  (1 0 0 ) and (1 0 1 ) p e a t  i n t e n s i t 

i e s
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Mg. 9
T em perature  dependence o f th e  (1 0 0 ) peak i n t e n s i t y  f o r  v a r io u s  

a l lo y s  in  th e  Mn-̂ +xPt-^_x system
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F ig .  10
T em peratu re  dependence o f  th e  l a t t i c e  p a ra m e te rs  a  and c

i n  MnPt



TE
M

PE
RA

TU
RE

 
(°

K
)

1
v*i

I

F ig .  11
M agnetic  phase  d iag ram  o f th e  Mn-Pt sy s tem . The l e t t e r s  d e n o tin g  th e  s t a b i l i t y  re g io n s  of 
th e  v a r io u s  m ag n e tic  s t r u c t u r e s  r e f e r  to  th e  m odels o f F ig s .  1 -2 .
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F ig .  12
M agnetic phase d iag ram  o f th e  Mn^Pt-^yRh^ sy stem . The l e t t e r s  
d e n o tin g  th e  s t a b i l i t y  r e g io n s  o f th e  v a r io u s  m ag n e tic  s t r u c t 

u re s  r e f e r  to  th e  m odels o f  F ig .  1 .
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F ig .  13

T h e o r e t ic a l  phase  d ia g ra m  in  th e  m o le c u la r  f i e l d  ap p ro x im a tio n  f o r  th e  
Mn^Pt r e g io n .  A, B, C, D and F r e f e r  to  th e  s t r u c t u r e s  o f  F ig .  l t 
w h ile  К d e n o te s  a  c o l l i n e a r  a n t i f e r r o m a g n e t ic  s t r u c t u r e  w ith  e ig h t f o ld  
m agnetic  u n i t  c e l l .  F ig u re  / а /  shows th e  m a g n e tic  i n t e r a c t i o n s  lo c a te d  

on a B e th e - S la te r  ty p e  q u a l i t a t i v e  cu rve

t
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