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A b s t r a c t

The f i r s t - o r d e r  t r a n s f o r m a t i o n  from  t r i a n g u l a r  to  c o l l i n e a r  
a n t i f e r r o m a g n e t i c  s t r u c t u r e  /AF-AF t r a n s f o r m a t i o n /  h a s  been  i n v e s t i g a t e d  
i n  t h e  Mn^Pt^_xRhx and Mn^+y P t^ _ ^  sy s te m s  by x - r a y  d i f f r a c t i o n  and m a g n e t ic
m e th o d s .

At t h e  AF-AF t r a n s f o r m a t i o n  t e m p e r a t u r e  a d i s c o n t i n u o u s  change  
i n  t h e  l a t t i c e  p a ra m e te r  i s  o b s e rv e d  w i t h  a m a g n i tu d e  d e p e n d in g  on c o n c e n t ­
r a t i o n  b u t  w i th  a lw ays t h e  same l a t t i c e  p a ra m e te r  v a lu e  o f  t h e  c o l l i n e a r  
p h a s e .  T h is  i m p l i e s  th e  e x i s t e n c e  o f  a  c r i t i c a l  l a t t i c e  p a r a m e t e r  v a lu e  
f o r  t h e  AF-AF t r a n s f o r m a t i o n .  Below t h e  N eel t e m p e r a t u r e  T^ an  anomaly i n  
t h e  th e r m a l  e x p a n s io n  o c c u r s  i n d i c a t i n g  exchange i n t e r a c t i o n s  dep en d en t  
on  t h e  i n t e r a t o m i c  s e p a r a t i o n .  T h is  anom aly  d i f f e r s  i n  s ig n  f o r  t h e  c o l l i n ­
e a r  - p a r a m a g n e t i c  and t r i a n g u l a r - p a r a m a g n e t i c  t r a n s i t i o n s .  The s u s c e p t i b i l i t y  
shows an a b r u p t  change a t  T^ and a maximum a t  TN i n  th e  t r i a n g u l a r  p h a s e .
No maximum o c c u r s  f o r  t h e  c o l l i n e a r  p h a s e .  The o b s e r v e d  t r a n s i t i o n  t e m p e ra ­
t u r e s  a r e  i n  ag reem en t  w i th  t h e  e a r l i e r  n e u t r o n  d i f f r a c t i o n  d a t a .
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I n  Mn^Pt a  f i r s t - o r d e r  a n t i f e r r o m a g n e t i c - a n t i f e r o m a g n e t i c  /AF-AF/ 
t r a n s f o r m a t i o n  was o b s e rv e d  by n e u t r o n  d i f f r a c t i o n  [ l ]  . O n  h e a t i n g ,  t h e  
m a g n e t ic  s t r u c t u r e  t r a n s f o r m s  f ro m  t r i a n g u l a r  t o  c o l l i n e a r .  The c o n c e n t r a ­
t i o n  d e p e n d en c e  was m easured  f o r  t h e  t r a n s i t i o n  t e m p e r a t u r e  T^., t h e  Neel 
t e m p e r a t u r e  Т у  t h e  l a t t i c e  p a r a m e t e r  a and t h e  m a g n e t ic  moment o f  th e
m anganese atoms i n  t h e  t e r n a r y  Mn^Pty^uh.^. and th e  b i n a r y  Mn^+yP t^ _ y  sy s te m s  
[2] . On i n c r e a s i n g  t h e  c o n c e n t r a t i o n s  x and  y ,  an i n c r e a s e  i n  b o t h  T̂ . and 
T^ w i th  a  s im u l t a n e o u s  d e c r e a s e  i n  th e  l a t t i c e  p a r a m e te r  were o b s e r v e d ,  
w h ile  was fo u n d  t o  be t h e  same i r r e s p e c t i v e  o f  t h e  c o n c e n t r a t i o n  and
th e  AF-AF t r a n s f o r m a t i o n .

I n  o r d e r  t o  -see th e  r o l e  o f  th e  l a t t i c e  p a r a m e t e r  i n  t h e  AF-AF 
t r a n s f o r m a t i o n  and t o  check  t h e  t r a n s i t i o n  t e m p e r a t u r e s  by o t h e r  m e th o d s ,  
th e  v a r i a t i o n s  o f  t h e  l a t t i c e  p a r a m e te r  and  t h e  m a g n e t ic  s u s c e p t i b i l i t y  
w i th  t e m p e r a t u r e  w ere  i n v e s t i g a t e d  by x - r a y  d i f f r a c t i o n  and m a g n e t ic  m ethods 
i n  t h e  Mn~Pt, Rh and  Mn, P t ,  sy s tem s  on t h e  same sa m p le s  a s  u s e d  i n

3  J .—X  X  < ' v ~“У
t h e  e a r l i e r  s t u d i e s  [ l ,  2J .

The x - r a y  m easu rem en ts  w ere  p e r fo rm e d  i n  g a s  a tm o s p h e re  c o n t a i n i n g  
3О % H2 and 70 % Ng i n  a h ig h  t e m p e r a t u r e  f u r n a c e  a t t a c h e d  to  a P h i l i p s  
d i f f r a c t o m e t e r .  F o r  s u s c e p t i b i l i t y  m ea su rem e n ts  th e  s p e c im e n s  w ere  s e a l e d  
I n  q u a r t z  ampoules a t  10 ^ mmHg p r e s s u r e  a n d  a  m a g n e t ic  u a la n c e  was u s e d .

The t e m p e r a t u r e  c u r v e s  f o r  th e  l a t t i c e  p a r a m e t e r  i n  F i g .  1 show 
s t r i k i n g  changes  a t  t h e  t r a n s i t i o n  t e m p e r a t u r e s  T̂ . and Т у  At T̂ . a  d i s c o n t ­
i n u i t y  i s  o b se rv e d  t h e  m a g n i tu d e  o f  which v a r i e s  w i th  c o n c e n t r a t i o n .  On th e  
o t h e r  h a n d ,  th e  l a t t i c e  p a r a m e te r  o f  th e  c o l l i n e a r  p h a s e  a t  t h i s  d i s c o n t i n u -
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i t y  h a s  t h e  same v a lu e  a t  a l l  c o n c e n t r a t i o n s .  I n  t h e  t r a n s i t i o n  ran g e  t h e  
l a t t i c e  p a r a m e t e r s  a s s o c i a t e d  w i th  t h e  t r i a n g u l a r  an d  c o l l i n e a r  p h a ses  
c o e x i s t .  Below i n  a t e m p e r a t u r e  i n t e r v a l  o f  a b o u t  100° 0 t h e  s lo p e  o f  
t h e  l a t t i c e  p a r a m e te r  c u r v e s  i s  s e e n  to  d e c r e a s e  f o r  th e  c o l l i n e a r  p h a se  
/ s e e  t h e  c u rv e  f o r  y= 0 ,07  i n  P ig .  1 /  and to  i n c r e a s e  f o r  t h e  t r i a n g u l a r  
p h a s e  / s e e  e . g .  t h e  c u rv e  f o r  x = 0 ,2 /  w i t h  r e s p e c t  t o  th e  p a ra m a g n e t ic  p h a s e .  
Below th e  t e m p e r a t u r e  r a n g e  o f  t h i s  anom aly  th e  v a l u e s  o f  t h e  th e r m a l  
e x p a n s io n  c o e f f i c i e n t s  a r e  0 ,8 0  and 1 ,2  . 10 ^ Ä/°C f o r  th e  c o l l i n e a r  and 
t r i a n g u l a r  p h a s e s ,  r e s p e c t i v e l y ,  a s  com pared  w i th  1 ,1 . 1 0  ^ X/°G f o r  th e  
p a ra m a g n e t ic  p h a s e ,  t h e s e  v a l u e s  b e in g  in d e p e n d e n t  o f  th e  c o n c e n t r a t i o n  
w i t h i n  t h e  e x p e r i m e n t a l  a c c u r a c y .

The t e m p e r a t u r e  d ep en d en ce  o f  t h e  m a g n e t ic  s u s c e p t i b i l i t y  i s  shown 
i n  P i g .  2. At T+ an a b ru p t  change i s  o b s e r v e d ,  t h e  s u s c e p t i b i l i t y  i n  t h e  
c o l l i n e a r  i s  h i g h e r  th a n  i n  t h e  t r i a n g u l a r  p h a s e .  At Tjj t h e  maximum w h ich  
a p p e a r s  f o r  t h e  t r i a n g u l a r  p h a s e  / s e e  t h e  cu rve  f o r  x = 0 ,5 /  c a n n o t  be o b s e r v ­
ed f o r  t h e  c o l l i n e a r  o ne .  The s u s c e p t i b i l i t y  i s  in d e p e n d e n t  o f  t h e  f i e l d  
s t r e n g t h  i n  b o t h  t h 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 .  No r e l i a b l e  d a t a  c o u l d  
be o b t a i n e d  on some o f  t h e  t e r n a r y  a l l o y s  b e c a u s e  o f  th e  com plex  m a g n e t ic  
p r o p e r t i e s  w hich  a r e ,  p r o b a b l y ,  due t o  i m p u r i t i e s .

The v a l u e s  o f  t h e  t r a n s i t i o n  t e m p e r a t u r e s  o b t a in e d  f ro m  p r e s e n t  
m easu rem en ts  a r e  i n  a g re e m e n t  with, t h o s e  from  t h e  e a r l i e r  s t u d y  [2] b u t ,  
i n  c o n t r a s t  w i t h  t h e  n e u t r o n  r e s u l t s ,  t h e  t r a n s f o r m a t i o n  a t  50 5 °  К i n  t h e  
sam ple  w i th  x = 0 , l  was fo u n d  t o  be o f  f i r s t - o r d e r .  T h i s  o b s e r v a t i o n  s l i g h t l y  
m o d i f i e s  t h e  r e p o r t e d  p h a s e  d iag ram  [ 2 ] . The i n c o n s i s t e n c y  b e tw e e n  th e  
e x p e r im e n t s  can  be e x p l a i n e d  by t h e  c l o s e n e s s  o f  T̂ . and T^ i n  t h i s  s a m p le .

As s e e n  i n  P ig .  1 ,  t h e  change  i n  t h e  l a t t i c e  p a r a m e te r  a t  T̂ . i s  
s e n s i t i v e  t o  t h e  m a g n i tu d e  o f  th e  anom alous t h e r m a l  e x p a n s io n  be low  Tjj and 
t o  t h e  d i s t a n c e  be tw een  T^ a n d -T ^ .  I f  t h e  AP-AP t r a n s f o r m a t i o n  e x i s t s ,  t h e  
Тэд f o r  t h e  t r i a n g u l a r  p h a s e ' i s  h i g h e r  t h a n  T^ and c a n  b e ,  t h e r e f o r e ,  e s t i m a t ­
ed o n ly  by e x t r a p o l a t i o n  u s i n g  th e  m o d i f i e d  p h a se  d iag ra m  o f  R e f .  2. The 
c u r v e s  f o r  t h e  t r i a n g u l a r  p h a s e  i n  P i g .  1 a r e  e x te n d e d  by d a s h e d  l i n e s  a s  
f a r  a s  t h e s e  e x t r a p o l a t e d  N e e l  t e m p e r a t u r e s  T^. The Tjj v a lu e s  g iv e n  i n  P i g .
1 f o r  x = 0 , l  and y=09 a r e  a l s o  e x t r a p o l a t e d  s i n c e  t h e y  c o u ld  n o t  be o b t a i n e d  
d i r e c t l y  due t o  t h e i r  c l o s e n e s s  to  T^. As s e e n ,  t h e  anom alous e x p a n s io n  
d e c r e a s e s  w i th  i n c r e a s i n g  x  and w i th  d e v i a t i o n  f ro m  s t o i c h i o m e t r y .  The 
s t r o n g e r  th e  anom aly and t h e  l a r g e r  t h e  d i s t a n c e  b e tw e en  T^ and  Tjj , t h e  
l a r g e r  i s  t h e  d i s c o n t i n u i t y  o b s e rv e d  a t  T^.
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The anomalous th e r m a l  e x p a n s io n  o b s e rv e d  below  t h e  N e e l  t e m p e r a t u r e s  
i n d i c a t e s  t h e  dependence  o f  th e  m a g n e t ic  i n t e r a c t i o n s  on t h e  i n t e r a t o m i c  
s e p a r a t i o n  [3 ] . The i n c r e a s e d  th e r m a l  e x p a n s io n  below th e  Tjj o f  t h e  t r i ­
a n g u l a r  p h a s e  i m p l ie s  an i n t e r a c t i o n  w hich i n c r e a s e s  w i th  t h e  d e c r e a s e  i n  
t h e  i n t e r a t o m i c  s e p a r a t i o n ,  w h i le  t h e  d e c r e a s e d  e x p a n s io n  be lo w  TN o f  t h e  
c o l l i n e a r  p h a s e  i n d i c a t e s  an i n t e r a c t i o n  w hich  d e c r e a s e s  w i t h  t h e  i n c r e a s e  
i n  i n t e r a t o m i c  s e p a r a t i o n .  C o n s id e r in g  th e  s p i n  c o n f i g u r a t i o n s  i t  can  be 
assumed t h a t  w h i le  i n  t h e  t r i a n g u l a r  s t r u c t u r e  i t  i s  th e  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  which i s  dom inan t  and r e s p o n s i b l e  f o r  t h e  anom alous t h e r m a l  
e x p a n s io n ,  i n  th e  c o l l i n e a r  s t r u c t u r e  i t  i s  th e  n e x t  n e a r e s t  n e ig h b o u r  o n e .  
Thus th e  e x p e r im e n ta l  f a c t s  can be e x p la i n e d  by assum ing  two a n t i f e r r o m a g n e t i c  
i n t e r a c t i o n s ,  a n e a r e s t  n e ig h b o u r  one d e c r e a s i n g  and a n e x t  n e a r e s t  n e i g h ­
b o u r  one i n c r e a s i n g  w i t h  i n c r e a s i n g  i n t e r a t o m i c  s e p a r a t i o n .  The x - r a y  m easu­
re m e n ts  show t h e  e x i s t e n c e  o f  a c r i t i c a l  l a t t i c e  p a ra m e te r  v a lu e  o f  t h e  
c o l l i n e a r  p h a s e  a t  w hich  th e  AF-AF t r a n s f o r m a t i o n  t a k e s  p l a c e :  
a c r i t =^ »873+1 2 30 ,003  ft. I t  can  be c o n c lu d e d  t h a t  t h e  AF-AF t r a n s f o r m a t i o n  i s  
c l o s e l y  r e l a t e d  to  th e  r a t i o  o f  t h e  two i n t e r a c t i o n s  a t  a c r i -j;*

The a u th o r s  a r e  i n d e b te d  to  Dr. P. Gadó f o r  p r o v id i n g  t h e  h ig h  
t e m p e r a t u r e  x - r a y  d i f f r a c t o m e t e r .
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F i g .  1 T e m p era tu re  dependence  o f  t h e  l a t t i c e  T F M P F R A T l  J R F  (ОгЛ
p a ra m e te r  f o r  Mn^Pt. Rh and Mn., P t .j  l  x  x  3+У x_y

a l l o y s



^ S *  2 T e m p era tu re  d ependence  o f  t h e  m a g n e t ic  s u s c e p t i b i l i t y
f o r  Mn3 P t 1_x Rhac and Mn3+yP t 1_y a l l o y 3
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