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The M~issbauer hyperfine spectrum of 125Te has been measured in the ferromagnetic spinel CuCr2Te4. 
The hyperfine field was found to be 148 -~ 5 kOe. The nuclear magnetic moment of the 35.6 keV excited 
state of 125Te was determined to be + 0.74 + 0.07 nm. 

In this le t te r ,  we repor t  on the m e a s u r e m e n t  
of a t r a n s f e r r e d  hyperf ine  field at the t e l lu r ium 
anion si te  in the fe r romagne t ic  spinel  CuCr2Te 4. 
This  compound r e p r e s e n t s  a unique opportunity 
for studying t r a n s f e r r e d  hyperf ine fields us ing  
M~ssbauer  techniques since Te is  the only 
chalcogenide with a known M6ssbauer  nuclide and 
CuCr2Te 4 is  the only fe r romagne t ic  spinel  which 
has  been successfu l ly  p repared  using t e l l u r ium 
as  an anion [1,2]. 

CuCr2Te 4 is  one of the in te res t ing  groups of 
ch romium spine ls  which have shown anomalous  
fe r romagne t ic  behaviour  [2-4]. CuCr2Te 4 has a 
Cur ie  t empera tu re  T c = 365OK [1]. The spin con-  
f igurat ion of this  pa r t i cu l a r  spinel  was recent ly  
invest igated by neut ron  diffract ion techniques [5]. 
F r o m  the resu l t s ,  it was concluded that CuCr2Te 4 
was a no rma l  spinel  with the magnet ic  Cr  3+ ions 
occupying solely the B s i tes  and diamagnet ic  Cu + 
occupying the A si tes .  A model proposed to des-  
c r ibe  the magnet ic  behaviour  in the f e r r o m a g -  
net ic  sp ine ls  [2] involves  a dominant  exchange 
in te rac t ion  of the 90 ° C r - X - C r  superexchanges  
type, where X is  the anion. Fo r  the 3d 3 cat ions,  
this  exchange in te rac t ion  is  fe r romagnet ic .  

In this  study, the magnet ic  hyperf ine i n t e r -  
act ion at the Te anion si te  was invest igated us ing  
the 35.6 MSssbauer  gamma ray resonance  in 
125Te. The magnet ic  hyperf ine in te rac t ion  causes  
the 35.6 keV ]+  excited state to split  into four 
leve ls  and causes  the ½ + ground state to split  into 
two levels .  Since the gamma ray t r ans i t i on  is  
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predominant ly  a magnet ic  dipole (M1) t rans i t ion ,  
the MSssbauer  pa t te rn  will cons is t  of six l ines .  
The re la t ive  locat ion of the six l ines  in the mag-  
netic hyperf ine pa t te rn  is  completely de te rmined  
by R = g l / g o ,  the rat io of the excited state nuc-  
l ea r  magnetic  moment  to the ground state nuc lea r  
magnetic  moment.  The ground state moment  is  
known f rom nuc lea r  magnet ic  resonance  m e a s u r e -  
ments  (go = - 0.8872 nm) [6]. The excited state 
moment  has not been de te rmined  although previous  
M6ssbauer  m e a s u r e m e n t s  [7,8] have defini tely 
es tabl ished the moment  as posit ive.  F r o m  theo- 
re t ica l  cons idera t ions ,  the excited state moment  
has been es t imated  to be ~1 ~ + 0.7 nm [8]. 

The m e a s u r e m e n t s  were made us ing a source 
of 125Te m (58d). The 125Tern was obtained by 
neut ron  i r r ad ia t ion  of Te enr iched to 94% in 
124Te. The Te was in the form of cubic PbTe 
which provided a s ingle  resonance  l ine source.  
The CuCr2Te 4 powder was embedded in acry l ic  
p las t ic  for use  as an absorber .  The powder ab-  
so rbe r  th ickness  was 53.5 mg/cm2.  

The 35.6 keV gamma rays  were  detected using 
a xenon-n i t rogen  fil led propor t ional  counter .  
Selection of the escape peak provided separa t ion  
of the gamma ray  f rom the in tense  X- ray  (27.4 
keV and 31.2 keV) background. The resonant  ab-  
sorpt ion spec t rum was obtained us ing a t ime  mode 
MSssbauer  spec t romete r .  Both the source  and ab-  
s o r b e r  were cooled to liquid n i t rogen t empera tu re  
for the measu remen t s .  

A typical  r e sonan t  absorpt ion spec t rum is shown 
in fig. 1. In o rde r  to de te rmine  whether this  spec-  
t r u m  was a par t i a l ly  resolved s ix - l i ne  spec t rum 
due to magnet ic  hyperf ine spli t t ing or  whether it 
was a two- l ine  spec t rum due to quadrupole sp l i t -  
t ing, the data were analyzed assuming  the follow- 
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Fig. 1. Resonant absorption spectrum from a PbTe source 
and CuCr2Te4 obsorber (53.5 m g / c m  2) at liquid ni t ro-  
gen temperature .  The solid line is the "best fit" s ix-  
line spectrum. The bars  denote the location and r e l a -  

tive intensity of the six lines. 

ing s p e c t r a l  shapes .  F i r s t ,  i t  was  a s s u m e d  that  
the  s p e c t r u m  c o n s i s t e d  of  two L o r e n t z i a n - s h a p e d  
l i n e s  with equa l  l i ne  wid ths ,  but  d i f f e r e n t  l ine  in -  
t e n s i t i e s .  The  l ine  l o c a t i o n s ,  l ine  i n t e n s i t i e s ,  
and l ine  wid ths  w e r e  u s e d  a s  v a r i a b l e s  in the  f i t -  
t ing.  Second,  it  w a s  a s s u m e d  that  the  s p e c t r u m  
c o n s i s t e d  of  s ix  L o r e n t z i a n - s h a p e d  l i n e s  with 
equa l  l ine  widths .  The  l ine  i n t e n s i t i e s  w e r e  c o n -  
s t r a i n e d  to the idea l  i n t e n s i t y  r a t i o  f o r  a p o w d e r  
a b s o r b e r  (3 :2 :1 :1 :2 :3  fo r  the  l o c a t i o n s  d e t e r m i n e d  
by ~1 ~ + 0.7 nm).  The  v a r i a b l e s  u s e d  in d e t e r -  
m i n i n g  the  l ine  l o c a t i o n s  w e r e  R and Heft ,  the  
e f f e c t i v e  h y p e r f i n e  f ie ld .  O t h e r  v a r i a b l e s  w e r e  
the  l i ne  width and a l i ne  i n t e n s i t y  p a r a m e t e r .  
T h e  r e s u l t  of  the  l e a s t  s q u a r e s  c o m p u t e r  f i t  wi th  
the  s i x - l i n e  s p e c t r u m  i s  shown a s  the  so l id  l ine  
in fig. 1. The  b a r s  deno te  the l oca t i on  and r e l a -  
t i v e  i n t e n s i t y  of the  s ix  l ines .  

On the  b a s i s  of t he  f i t t i ngs  wi th  the  a s s u m e d  
s p e c t r a ,  i t  was  c o n c l u d e d  that  the  sp l i t t i ng  was  
due to a m a g n e t i c  h y p e r f i n e  i n t e r a c t i o n .  T h e  
r e a s o n s  w e r e  a s  fo l lows :  1) the X 2 v a l u e  f o r  the  
"bes t  f i t "  s i x - l i n e  s p e c t r u m  was  25 p e r c e n t  s m a l -  
l e r  than  the  v a l u e  f o r  the  t w o - l i n e  s p e c t r u m ;  
2) the  l ine  width f o r  the t w o - l i n e  s p e c t r u m  was  
36% b r o a d e r  than  the e x p e c t e d  l i ne  width c o r -  
r e c t e d  fo r  f i n i t e  a b s o r b e r  t h i c k n e s s ,  w h e r e a s  
the  l i ne  width f o r  the  s i x - l i n e  s p e c t r u m  was  in 
e x c e l l e n t  a g r e e m e n t ;  and 3) the  m a g n i t u d e  of the  
e l e c t r i c  f i e l d  g r a d i e n t  needed  to p r o d u c e  the  

o b s e r v e d  s p l i t t i n g  (eq = 4.3 × 1016esu)  i s  10 p e r -  
cent  g r e a t e r  than that  due to a s i n g l e  5p e l e c t r o n  
[9]. Any  r e a s o n a b l e  bonding m o d e l  fo r  Te  in 
C u C r 2 T e  4 would  y i e ld  l e s s  than  the  equ iva l en t  of 
one  u n b a l a n c e d  5p e l e c t r o n .  

In the f ina l  s i x - l i n e  a n a l y s i s ,  a s m a l l  q u a d r u -  
po le  i n t e r a c t i o n  was  t aken  into accoun t  s i n c e  the  
s y m m e t r y  of the t e l l u r i u m  s i t e  i s  not  cubic.  The  
a v e r a g e  quad rupo le  coup l ing  cons t an t  ob ta ined  
f r o m  the c o m p u t e r  f i t  to s e v e r a l  m e a s u r e m e n t s  
is  ½e2qQ/= - 0.08 + 0.08 m m / s e c .  
The  a v e r a g e  va lue  of R = ~ 1 / ~ o  ob ta ined  f r o m  
the da ta  is R = - 0.84 ± 0.09. Us ing  the  p r e v i o u s -  
ly d e t e r m i n e d  va lue  of the g round  s t a t e  n u c l e a r  
m o m e n t ,  we find the  n u c l e a r  m o m e n t  of  the 
35.6 keV e x c i t e d  s t a t e  to be  ~1 = + 0.74 + 0.07 nm,  
in good a g r e e m e n t  with the  e s t i m a t e d  va lue .  The  
a v e r a g e  va lue  of the  e f f e c t i v e  h y p e r f i n e  f i e ld  i s  
H e f  t = 148 + 5kOe. 

The  n o n m a g n e t i c  T e  2 -  ion  would  not n o r m a l l y  
be  e x p e c t e d  to h a v e  a h y p e r f i n e  f i e ld  at  i t s  n u c -  
leus .  H o w e v e r ,  in a f e r r o m a g n e t i c  compound  
such  as  C u C r 2 T e 4 ,  the  Te  5s e l e c t r o n s  can  be 
sp in  p o l a r i z e d  th rough  i n t e r a c t i o n  wi th  the  m a g -  
ne t i c  ca t ions ,  l e ad ing  to a h y p e r f i n e  f i e ld  at  the  
T e  nuc l eus  t h rough  the  F e r m i  c o n t a c t  i n t e r a c t i o n .  
The  fo l lowing  two m e c h a n i s m s  a r e  the  m o s t  p r o -  
bab le  s o u r c e  of  the  p o l a r i z a t i o n .  F i r s t ,  cova l en t  
m i x i n g  of  the  T e  5s o r b i t a l s  wi th  t he  C r  3d o r b i -  
t a l s ,  and s econd ,  e x c h a n g e  p o l a r i z a t i o n  of the  
T e  5s e l e c t r o n s  by  the  C r  3d e l e c t r o n s .  A 5s 
e l e c t r o n  p o l a r i z a t i o n  of a few p e r c e n t  would  p r o -  
v ide  a f i e ld  of  the  r igh t  m a g n i t u d e  [10]. 

T h e  a u t h o r s  e x p r e s s  s i n c e r e  thanks  to C. C o -  
l o m i n a s  fo r  g r a c i o u s l y  p r o v i d i n g  the  s a m p l e  of 
C u C r 2 T e  4. 
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