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A b str a c t  .The e f f e c t  o f  c o m p o sitio n  on th e  f i r s t - o r d e r

tr a n sfo r m a tio n  from t r ia n g u la r  in to  c o l l in e a r  a n t ife r r o m a g n e t ic  s tr u c tu r e  

/AF-AF tr a n s fo r m a t io n / o c cu r in g  in  ord ered  Mn^Pt has b een  in v e s t ig a t e d  

on te r n a r y  Mn^Pt^^Rh^ and b in a ry  Mn^+yP t 1__y a l lo y s  u s in g  X -ray and n e u t­

ron  d i f f r a c t i o n  m ethods.

On in c r e a s in g  th e  c o n c e n tr a t io n s  x  and у an in c r e a s e  in  b o th

th e  N é e l and th e  t r a n s i t i o n  tem p era tu res w ith  a s im u lta n  eu s d e c r ea se  in

th e  l a t t i c e  param eter"were o b serv ed . The m agnetic  moment o f  Mn rem ained

th e  same ir r e s p e c t iv e  o f  th e  c o n c e n tr a t io n  and th e  AF-AF t r a n s fo r m a t io n .

The r e s u l t s  s u g g e s t  th e  e x is t e n c e  o f  a c r i t i c a l  l a t t i c e  param eter v a lu e

a t  w h ich  th e  tra n sfo r m a tio n  o c c u r s , l ik e  th a t  o b served  f o r  th e  Mn~ Cr Sbd—x  x
sy ste m .
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R e cen tly '1' we have ob served  a f i r s t - o r d e r  m agn etic  tr a n sfo r m a tio n  
in  Cu^Au ty p e  ord ered  Mn^Pt • The m agnetic  s tr u c tu r e  tra n sfo rm ed  from t r i a n ­
g u la r  t o  c o l l i n e a r  a n t ife r r o m a g n e t ic  w ith  in c e r a s in g  tem p e r a tu re . The a to ­
m ic and m agn etic  u n it  c e l l s  in  th e  t r ia n g u la r  s tr u c tu r e  are  i d e n t i c a l ,  
th e r e f o r e  th e  m agn etic  n eu tro n  s c a t t e r in g  appears a s  a c o n tr ib u t io n  t o  
th e  n u c le a r  r e f l e c t i o n s .  In  th e  c o l l in e a r  s tr u c tu r e  th e  m agn etic  u n it  c e l l  
i s  d ou b led , th e  n eu tro n  d i f f r a c t i o n  p a t te r n  i s  c h a r a c te r iz e d  by m agn etic  
s u p e r r e f l e c t io n s  in d exed  by h a l f - i n t e g e r s .  The tr a n sfo r m a tio n  can  be e a s i l y  
f o l lo w e d  up by m easuring th e  tem peratu re dependence o f  th e  two ty p e s  of*  
m agn etic  r e f l e c t i o n s .  The t r a n s i t i o n  i s  accom panied by an abrupt change in  
th e  l a t t i c e  param eter as w e l l  a s  by th erm al h y s t e r e s i s .  Mn^Rh o f  th e  same 
t y p e ,  how ever, was found t o  have t r ia n g u la r  s tr u c tu r e  up t o  th e  N ée l tem ­
p e r a tu re

C on tin u in g  th e s e  in v e s t ig a t io n s  th e  e f f e c t  o f  c o m p o sit io n  on th e  
AF-AF tr a n sfo r m a tio n  was s tu d ie d  on a l lo y s  in  th e  te r n a r y  /p s e u d o -b in a r y /  
Mn^Pt-^_x Rhx  and th e  b in a ry  Mn^+yPt^_y sy stem s by X -ray and n eu tro n  d i f f r a c ­
t i o n  m eth od s.

A llo y s  o f  x=0; 0 ,0 5 ;  0 ,1 ;  0 ,2 ;  0 ,5 ;  1 ,0  and y = 0 ,0 9 ;  - 0 ,0 7  con cen ­
t r a t i o n s  were p rep ared  from 9 9 »9% p u r ity  m eta ls  by m e lt in g . The l o s s  in  
w eig h t was about 0,2% in  each  c a s e .  The Mn c o n c e n tr a t io n  was checked  by 
ch em ica l a n a l y s i s .  The in g o ts  were f i l e d ,  th e n  an n ea led  a t .7 o o °C  f o r  12o 
hours in  ev a c u a te d  q u artz  tu b e . X -ray d i f f r a c t i o n  photographs ta k en  a t  room 
tem p era tu re  showed a h ig h ly  ordered  Cu^Au ty p e  s in g le  p hase w ith  v a lu e s  o f  
l a t t i c e  p aram eter a g iv e n  in  Table I .

At 77°K th e  n eu tro n  d i f f r a c t i o n  p a t te r n s  o f  each  spéciidén  in d ic a ­
t e  t r ia n g u la r  s tr u c tu r e  w ith  m agnetic  moments o f  Mn l i s t e d  in  T able I .  The 
m agn etic  moment in  th e  c o l l in e a r  phase c o u ld  be e v a lu a te d  o n ly  f o r  
y=0 and - 0 ,0 7  a s  2 ,4 + 0 ,5  and 2 ,8 ^ 0 ,5  a t  580 and 34o°K r e s p e c t iv e l y .
The t r a n s i t i o n  tem p eratu re  T  ̂ o f  th e  AF-AF tra n sfo r m a tio n  and th e  N ée l 
tem p eratu re  TN were d eterm in ed  from th e  tem peratu re dependence o f  th e  
/ 'H O ) and/lo^- ) r e f l e c t i o n s  a s s o c ia t e d  w ith  t r ia n g u la r  and c o l l in e a r  s t r u c ­
t u r e s ,  r e s p e c t iv e l y .  The r e s u l t s  f o r  ( 110 ) are shown in  F ig .  1 . I f  o b se r v ­
a b le ,  (  lo ^ -) changes o p p o s i t e ly .  The v a lu e s  o f  Tt  and TN are  in c lu d e d  in  
T able I .  In  s p i t e  o f  th e  abrupt change and therm al h y s t e r e s i s  in  / 1 1 0 / ,
TN c o u ld  n o t be d eterm in ed  in  th e  y=0 ,0 9  specim en s in c e  ( lo^ -) c o u ld  n ot
be o b se r v ed . T h is  i s  p rob ab ly  due t o  th e  c lo s e n e s s  o f  th e  v a lu e s  o f  T.ъ
and TN. The m agn etic  phase diagram o f  th e  Mn^Pt1_xRhx system  i s  g iv e n  in  
F i g . - 2 .  As s e e n , th e  c o l l in e a r  s tr u c tu r e  i s  s ta b le  on ly  in  a l im it e d  
c o n c e n tr a t io n  and tem peratu re ra n g e . I t  would be more s t a b le  in  th e  b in a r y



a l lo y s  a t  low er  Mn c o n c e n tr a t io n s  i f  th e  ordered, c r y s t a l  s tr u c tu r e  e x is te d ^  
The v a r ia t io n s  o f  a w ith  tem p eratu re  was m easured by h ig h  tem p eratu re  X—ray  
d if f r a c to m e te r  on specim ens o f  y=0 and - 0 ,0 7 .  The cu rv es in  F ig .3  show a 
d is c o n t in u i t y  a t  T  ̂ a s w e l l  a s  a break a t  T^. An anom alous b eh a v io u r  be­
tw een  T.£ and Тэд. i s  apparent f o r  у = 0 , 0 7 .

On in c r e a s in g  th e  x  and у c o n c e n tr a t io n s  an in c r e a s e  in  b o th  T,Ъ
and TN w ith  a d ecrea se  in  a can be o b se r v ed . W ith in  th e  ex p e r im en ta l accu­
racy  th e  m agn etic  moment o f  Mn d oes n o t change w ith  c o n c e n tr a t io n  n or dur­
in g  th e  AF-AF tr a n s fo r m a t io n . The s im u lta n eo u s v a r ia t io n  o f  T̂ _ and a sug­
g e s t  th e  e x is t e n c e  o f  a c r i t i c a l  l a t t i c e  param eter v a lu e  a t  w h ich  th e  tr a n s  
i t i o n  o c c u r s , s im i la r ly  t o  th e  Mh^^Cr^Sb system"4-.  The r e la t io n  betw een  
T.j_ and a i s  n o t l in e a r ,  T  ̂ i s  more s e n s i t i v e  t o  changes in  a i f  c lo s e  t o  
TN, t h i s  may be a t t r ib u t e d  t o  th e  anomaly in  a  in  F i g .3 .  The d i f f e r e n t  
v a lu e s  o f  Tt  in  x  = 0 ,2  and у = 0 ,o 9 ,  f o r  w hich  a i s  th e  sam e, c o u ld  be 
e x p la in e d  by d i f f e r e n t  therm al ex p a n sio n  c o e f f i c i e n t s  in  th e  te r n a r y  and 
b in a ry  a l l o y s .  In  ord er  t o  c l a r i f y  th e  r o le  o f  th e  l a t t i c e  param eter in  
th e  AF-AF tr a n s fo r m a t io n , X -ray m easurem ents on fu r th e r  sp ecim ens are in  
p r o g r e s s .

The a u th o rs  are in d e b te d  t o  G.Konczos f o r  p rep a r in g  th e  sam ples  
and P . Gadó f o r  p r o v id in g  th e  h ig h  tem peratu re X -ray d if f r a c to m e te r .

-  2 -

R E F E R E N C E S

1 E .K rén, G ,Kádár, L .P á l, J , Sólyom and P ,Szabó,
P h y s ,L e t te r s  2 o t 331 /1 9 6 6 / .

p
J .S .K o u v e l and J .S ,K a sp e r , P r o c .I n t .C o n f , on M agnetism , N ottingham , 
1964 , p .  169

 ̂ M ,Hansen, C o n s t i tu t io n  o f  B inary A l lo y s ,
M cGraw-Hill Book Company, I n c , ,  New York, 1958»

^ C. K i t t e l ,  P h y s ,R ev , 1 2 o , 333 / i 960/ .



(Н
О

) 
PE

AK
 I

N
TE

N
SI

TY

-  3 -

TEMPERATURE (*K)
F i g . l .  T e m p era tu re  d epencence  oi' t h e  (_ llo )  r e f l e c t i o n
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F i g . 2 .  M agnetic phase diagram  Of th e  M n.Pt-^Rh^. sy stem .
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F i g .3 .  Tem perature dependence o f  th e  l a t t i c e  param eter  
f o r  y=0 and - 0 ,0 7
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T able I  V a lu es o f  l a t t i c e  p aram eter , t r a n s i t i o n  
tem p era tu res  and m agn etic  moment

Specim en а /8./ Tt /° K / % /°K /

MnzPt 5 ,8 5 5 565+10 475+ I 0 • 5 ,0 + 0 ,5

0 ,9 5 ^ 0 ,0 5 5 ,8 5 5 415+10 465+10 3 ,5 + 0 ,4

W A i
5 ,8 5 2 - 5o5+ lo 2 ,8 + 0 ,5

Mn5I>fc0 ,8 Bb0 ,2 5 ,8 2 8 - 555+10 3 .2 + 0 ,4

Mn3P tOi5RhO,5 5 ,8 2 o - 685+10 5 ,5 + 0 ,4

MnzRh 5 ,8 1 5 - 855+10 3 ,6 + 0 ,4

Mn2 , 9 3 ^ 1 »07 5 ,8 4 4 515+lo 4 6 o + lo 3 ,4 + 0 ,4

Mn*Pt 5 ,8 5 5 565+10 475+10 3 ,0 + 0 ,5

ш 3,0 9 ^ 0 ,9 1 5 ,8 2  7 455+10 3 ,2 + 0 ,4






