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M A G N E T I C  SUSCEPTIBILITY A N D  57Fe MuSSBAUER SPECTRA 
OF T,+xNb3-xSe10 W I T H  T = F e ,  Cr 

HARTMUT GRUBER ( a )  
MICHAEL REISSNER and  WALTER STEINER ( b )  
( a )  I n s t i t u t  f i i r  F e s t k B r p e r p h y s i k ,  TU Graz 

( b )  I n s t i t u t  fiir Angew. u .  T e c h .  P h y s i k ,  TU Wien 
A-8010 Graz ,  A u s t r i a  

A-1040 Wien, A u s t r i a  

A b s t r a c t  The m e t a l - i n s u l a t o r  t r a n s i t i o n  o f  
Fe, +xNb ,xSelo , 0 . 2 5 5  x 6 0 . 4 0 ,  and of Cr1.1,5Nb2.55Se10, 
was s t u j i e d  by  measu remen t s  of r e s i s t i v i t y  and  
m a g n e t i c  s u s c e p t i b i l i t y .  The 
t r a  were a n a l y s e d  b y  t h e  a s s u m p t i o n  o f  a s t a t i s -  
t i c a l  d i s t r i b u t i o n  o f  Fe i n  t h e  o c t a h e d r a l  c h a i n s .  

57Fe Mossbauer  s p e c -  

I N T R O D U C T I O N  

The r e s i s t i v i t y  of  Fel +xNb3-xSe,0 i n c r e a s e s  by  9 o r d e r s  
be tween  I 4 0  and  3K’92s3. T h i s  i n c r e a s e  i s  supposed  t o  
o r i g i n a t e  from t h e  a t o m i c  d i s o r d e r  due t o  Anderson lo- 
c a l i z a t i o n  . X-ray d i f f r a c t i o n  showed t h e  symmetry t o  
b e  m o n o c l i n i c  and t h e  s t r u c t u r e  t o  c o n t a i n  two t r i g o n a l  
p r i s m a t i c  a s  w e l l  as  two o c t a h e d r a l  ~ h a i n s ~ ’ ~ ’ ‘ ( F I G .  1 ) .  
X-ray s c a t t e r i n g  showed t h e  CDW t o  be  incommensura t e  
w i t h  q ( 0 . 0 ,  0.27, 0 . 0 )  and t h e  CDW v e c t o r  i s  o n l y  
s l i g h t l y  d i f f e r e n t  from t h e  h i g h  t e m p e r a t u r e  CDW i n  
NbSe3. R e c e n t l y ,  t h e  f i r s t  measu remen t s  o f  t h e  p h y s i c a l  
p r o p e r t i e s ’  ’ 2 ’ 3 9  and o f  t h e  
MEssbauer s p e c t r a  h a v e b e e n  

2 

oSe 

. Fe 

5 
r e p o r t e d .  Our c r y s t a l s w e r e  . Nb 

p r e p a r e d  by  a s u b l i m a t i o n  
method . FIG.’ S t r u c t u r e  o f  FeNb Se 3 10 6 
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138 H .  GRUBER. M .  REISSNER AND W. STEINER 

RESULTS 

Whereas Cr2Nb2Se10 as  w e l l  as  
Fe,+xNb3-xSe.,0 e x h i b i t  a r e s i s t -  
i v i t y  v a r i a t i o n  o f  more t h a n  7 
o r d e r s  2'3' 697,the r e s i s t i v i t y  
v a r i a t i o n  of  the  coilpound wi th  
l e s s  Cr-content  i s  remarkably  
s m a l l e r  (FIG. 2 ) .  The v a l u e s  o f  
t h e  magnet ic  s u s c e p t i b i l i t y  i n -  
c r e a s e  wi th  i n c r e a s i n g  Fe-con- 
t e n t  o f  t h e  compound (FIG. 3 ) .  
A t  l o w  t empera tu re  a Cur i e  con- 
t r i b u t i o n  t o  X a p p e a r s  and can 
b e  f i t t e d  f o r  T<100 K w i th  t h e  
Cur i e  - Weiss e x p r e s s i o n  
x =  C /(T+B)+ xo,  C g  = Cur ie -  
c o n s t a n t ,  8 = Weiss t empera tu re ,  
&= t empera tu re  independen t  term.  Ti0,67Cr1,33Nb2Se10 
and Crl.45Nb2,55Se10 powder samples  e x h i b i t  a h i g h  para- 
magnet ic  s u s c e p t i b i l i t y  behav iour  between 77 and 550 K ,  
b u t  no minimum (FIG. 4 ) .  Cr1.33Nb2.67Se10 below 200 K 
shows a n e a r l y  t empera tu re  independen t  magnet ic  suscep-  
t i b i l i t y  i n  a magnet ic  f i e l d  o f  12.1 kOe (FIG. 4 ) .  

FIG. 2 R e s i s t i v i t y  
r a t i o  v e r s u s  
t e m p e r a t u r e  

I I \' I 

FIG. 3 Magnet ic  s u s c e p t i -  FIG. 4 Magnet ic  s u s c e p t i -  
b i l i t y  v e r s u s  t empera tu re  b i l i t y  v e r s u s  t e m p e r a t u r e  
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MAGNETIC SUSCEPTIBILITY AND S'Fe MOSSBAUER SPECTRA 139 

F o r  t h e  M G s s b a u e r a n a l y s i s  t h e  f o l l o w i n g  a s s u m p t i o n s  
were made: i )  s t a t i s t i c a l  s u b s t i t u t i o n  o f  Fe o n l y  i n  
t h e  o c t a h e d r a l  c h a i n s ,  i i )  c e n t e r  s h i f t  ( I s )  d e c r e a s e s  
w i t h  i n c r e a s i n g  t e m p e r a t u r e  due t o  t h e  i n f l u e n c e  o f  s e -  
cond o r d e r  Dopp le r  s h i f t ,  iii) q u a d r u p o l e  s p l i t t i n g  (Q) 
m a i n l y  d e t e r m i n e d  by  t h e  a r r a n g e m e n t  and number of  s u r -  
r o u n d i n g  Fe a toms .  

FIG. 5 F e - e n v i r o n m e n t s  

c h a i n s  and t h e i r  abun-  
d a n c e s  ( P )  f o r  
Fe 1.25 Nb 2.7.5 S e ? O  

oNb aFe i n  t h e  o c t a h e d r a l  

f 
6. 
E ( a )  i n t e n s i t y  r a t i o  f o r  
d n e a r e s t  n e i g h b o u r s  ; 
P (%) , (c )  i n t e n s i t y r a t i o s  
a f o r  t h e  s e l e c t e d  combi- 
b n a t i o n s  o f  n e a r e s t  and  
C n e x t - n e a r e s t  e n v i r o n -  

T a k i n g  i n t o  a c c o u n t  o n l y  n e a r e s t  n e i g h b o u r s ,  no f i t  w i t h  
t h e  r e s p e c t i v e  i n t e n s i t y  r a t i o  o f  t h e  t h r e e  s u b s p e c t r a  

(FIG.  j a )  was ? c s s i b l e .  A f i t  wi th  n e a r e s t  a n d  n e x t n e a -  
r e s t  n e i g h b o u r s  l e a d s  t o  t e n  d i f f e r e n t  e n v i r o n m e n t s  (FIG.  
5 ) .  Due t o  t h e  poor  r e s o l u t i o n  a r e s t r i c t i o n  t o  o n l y  

t h r e e  d i f f e r e n t  s u b s p e c t r a  was n e c e s s a r y .  Two combina- 
t i o n s  o f  t h e  d i f f e r e n t  e n v i r o n m e n t s  (FIG. 5b , c )  l e a d  t o  

t h e  o b s e r v e d  i n t e n s i t y  r a t i o  f u l f i l l i n g  a l l  o t h e r  a s -  
s u m p t i o n s .  F o r  b o t h  h o l d s  t h a t  t h e  s m a l l e s t  v a l u e  o f  0, 

i s  o b t a i n e d ,  if Fe i s  c o m p l e t e l y  s u r r o u n d e d  by  Fe.  The 
a s s u m p t i o n  o f  s t a t i s t i c a l  s u b s t i t u t i o n  o f  Fe i n  t h e  
o c t a h e d r a l  ch-ains  i s  v a l i d  f o r  a l l  t e m p e r a t u r e s  and a l l  
x f o r  Fel+xNb3-xSe,0.  The f i t  f o r  Fel.33Ta0,67Nb2Se10 
(FIG. 6 )  i n d i c a t e s  t h a t  t h e  a s s u m p t i o n  of  F e ( T a )  o n l y i n  
t h e  o c t a h e d r a l  c h a i n s  i:: n o t  v a l i d  f o r  t h i s  compound. 
A t  l.!+OK, w h e r e t h e  CDW i n  Fe,.25Nb2.75Se,0 f o r m s ,  t h e  ob-  
t a i n e d  v a l u e s  of  b o t h  Q and I s  a r e  n o t  i n  a g r e e m e n t w i t h  
t h o s e  o b t a i n e d  f o r  t h e  o t h e r  t e m p e r a t u r e s  (FIG.  7 ) .  F o r  
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140 H. GRUBER, M. REISSNER AND W. STEINER 

c I 
-3.0 0.0 3.0 

VELOCITY (mmk 1 
FIG, 6 Transmiss ion  s p e c t r a  
o f  F e ~ f l b p S e 1 0  ( a )  and o f  
Fe1.33TaQ6$ 2 SelO( b, 

T < l ~ O K o n l y m i n o r d i f f e r e n -  
c e s  of  I s  were measured and 
Q f o r  t h e  two s u b s p e c t r a  r e -  

E 
g.35 
UI 
U 

” 50 150 250 

FIG.7 TemFerature dependence 
of  Q and I s  f o r  Fw5Nb$e10 
i n t e n s i t i e s  f o r  t h e  subspec t ra  
.21 (0) , .22(0) ,  .57(t), ( s e e  
FIG. 5b) 

p r e s e n t i n g  Fe main ly  sur rounded by Fb coincide,whereas  Q 

f o r  Fe main ly  sur rounded by Fe i s  s t i l l  d i f f e r e n t  and 
e x h i b i t s  a d i s t i n c t  t empera tu re  dependence. From t h e b e -  
h a v i o u r  o f  0. a s t r o n g  d i s t o r t i o n  of  t h e  charge  d e n s i t y  
o f  Fe caused by t h e  su r round ing  Nb i s  sugges t ed .  
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