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Abstract 

YBaT(CUl_xFex)3OT_ d (0.02< x < 0.04) annealed in an Ar atmosphere, then reoxygenated have been characterized 
(X-ray diffraction, Tc) and studied by M6ssbauer spectroscopy at room and low temperatures. The results are 
interpreted as due to Fe clustering rather than to a silanificant occupation in the plane. 

1. I n t r o d u c t i o n  

Subs t i tu t ion  of some of the components 
in h igh-T compounds by other  chemical 

c 

elements  is one of the possible means of 
obtaining new mate r i a l s  with improved 
superconduct ing and mechanical  propert ies .  
Such ma te r i a l s  are  necessary  fo r  prac t ica l  
appl icat ions  of high-T superconductors .  

c 

The superconduct ing,  magnetic  and 
s t r u c t u r a l  p roper t ies  of iron subs t i tu ted  
YBa2Cu307_ d have been studied in hundreds 

of papers  during the las t  six years .  
However, many impor tan t  questions remain 
unanswered,  or in some cases,  con t rad ic to ry  
i n t e rp r e t a t i ons  of ce r t a in  e f f ec t s  are  
given. 

Such a problem is the d is t r ibut ion  of 
iron over the chain (Cul) and plane (Cu2) 
s i tes ,  the e f f ec t  of th is  d is t r ibut ion  on 
the superconduct ing t r ans i t i on  t empera tu re  
T and the possibi l i ty of a t r a n s f e r  of 

c 
some Fe ions f rom Cul to Cu2 si tes  and back 
a t  ce r t a in  thermal  t r ea tmen t .  The resu l t s  
of recent  M6ssbauer s tudies  of samples, 
annealed in an iner t  a tmosphere  then 
reoxygenated ,  have been in te rpre ted  as an 
indicat ion of a t r a n s f e r  of Fe f rom chains 
to planes [1.21. On the other  hand, EXAFS, 

e lec t ron microscopy and NQR measurements  on 
s imilar  samples do not show any noticeable 
red i s t r ibu t ion  of iron over the plane and 
chain Cu si tes  [3,4]. 

In an a t t empt  to resolve this  
cont radic t ion ,  we have invest igated several 
ser ies  of samples with d i f f e r en t  levels of 
Fe subs t i tu t ion  and special thermal  
t r e a tmen t s .  

2. Resul ts  

Two ser ies  of YBa2(CUl_xFex)307_ d 

t r e a t e d  in Ar a tmosphere  were realized.  The 
ini t ia l  polycrys ta l l ine  samples were 
prepared  f rom the respect ive oxides and 
carbonates  by the well known solid s t a t e  
s in te r ing  technique with x=0.02 and 0.04 
fo r  the 1 st series and x=0.03 and 0.04 fo r  
the 2 nd. For the i ~t series,  heat ing in Ar 
a tmosphere  (atm.) at  840°C fo r  24h followed 
by heat ing in 02 arm. at  400°C for  24h, and 

by heat ing in 02 arm. at  300oc fo r  72h with 

slow cooling between each step were done. 
These samples are labelled 300 /02  . 

Af te rwards ,  heat ing in 02 atm. at  500°C or 

600°C fo r  96h was car r ied  out. For the 2 nd 
ser ies ,  the samples have been heated 
successively in Ar atm. at  800°C, then in 
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Table 1. Hyperf ine pa r ame te r s  fo r  the d i f f e r e n t  doublets  f o r  var ious samples.  
Isomer sh i f t  8 (_+0.02}, quadrupole sp l i t t ing  AEq (+0.03) and populat ion (+0.02) 

Population 

D o u b l e t  6 ~Eq I n i t i a l  210 /0  400 /0  600 /0  800 /0  
2 2 2 2 

m m / s  m m / s  

D1 0 . 0 3  1 .94  0 .35  0 .07  0 .05  0 . 1 2  0 .71  

D2 - 0 . 1 8  1 .32  0 .15  ~ 0 ~ 0 0 . 1 0  0 . 0 3  

D3 - 0 . 0 1  1 .10  0 .37  0 .38  0 . 3 3  0 . 2 3  0 . 1 0  

D3' - 0 . 0 1  0 .66  0 0 . 1 3  0 .21 0 . 1 3  0 . 0 6  

D4 0 . 3 5  0 . 6 4  0 . 1 3  0 0 0 0 . 1 0  
1 

D4 0 .31  0 .51  0 0 .42  0 .42  0 .42  0 
2 

02 atm. at  210°C, 400°C, 600°C and 800°C 

fo r  24h fo r  each step wi th  slow cooling 
( furnace  iner t ia)  between. Samples have 
been taken a t  each s tage  and labelled 
800/Ar ,  210/O 2, 400/02 ,  600 /02  and 800 /02  

respect ively.  
For all the samples, X-ray  d i f f r a c t i o n  

shows pa t t e rns  in agreement  wi th  the 
YBa2Cu307 s t ruc tu re .  However very small non 

ident i f ied  addi t ional  lines are  observed 
fo r  samples heated in Ar atm. only. This 
means t ha t  the c rys ta l lographic  s t r uc tu r e  
is not too per turbed.  T has been 

c 
de termined f rom a.c. suscept ib i l i ty  and 
r e s i s t i v i ty  measurements .  Briefly,  T 

o n s e t  

88 K and zero res i s tance  T ~ 80 K are  
offset 

obtained for the initial samples (x = 0.04, 
series 2). These values vary very little 
for the 210/02 and the 400/02 samples while 

a clear decrease occurs for the 800/02 

samples which is in fact a normal sample 
with lower d value (see below). For all the 
samples susceptibility measurements reveal 
a very broad superconducting transition. 
Detailed resu l t s  will be published 
elsewhere.  

MSssbauer spec t ra  were taken a t  300 K 
fo r  all the samples and a t  low t empera tu re  
fo r  some samples. The var ia t ion  of the 

spec t ra l  shapes shows the same t rend  fo r  
the  two series.  At 300 K, the shapes 
(fig.l} and the pa rame te r s  (table 1) of the 
ini t ia l  sample spec t ra  are  cha rac t e r i s t i c  
of oxygenated  samples with d about 0.1. A 
good f i t  is obtained f rom usual pa ramete rs  
( table 1) but also by using fo r  the D4 
doublet  a smal ler  isomer sh i f t  8 and 
quadrupole sp l i t t ing  hEq values as proposed 
in [5], special ly fo r  x=0.02 and 0.03. For 
samples t r e a t e d  only with Ar (fig. 2a), the 
spec t r a  consis t  of superposi t ion of 
magnet ic  and paramagnet ic  pa t te rns .  The 
magnet ic  pa r t  corresponds mainly to 
sex tup le t s  with ~=0.4 mm/s ,  AEq=0 and 
hyper f ine  f ie ld  Hhyp-~330 kOe, with 

populat ion about 507. and the paramagnet ic  
pa r t  corresponds to a mixture  of  pa ramete r s  
of  ini t ia l  and reoxygenated  samples. 

Typical  spec t ra  of reoxygenated  samples 
a re  shown in fig. 1 and the pa rame te r s  are  
given in table  1. The spec t ra  consist  of 
the  superposi t ion of several  doublets. 
Their  hyper f ine  pa rame te r s  are  identical  
wi th in  the e r ro r  l imits fo r  all the samples 
except  fo r  the D4 doublet. For the samples 
210/O 2, 400 /02  and 600/02 ,  the (D4} 2 

p a r a m e t e r s  are  s l ight ly but s igni f icant ly  
smal ler  than  those of  (D4} 1 obtained fo r  

the ini t ia l  and the 800 /02  samples. 

Relative to the ini t ial  samples, a new 
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, ,, j samples, the parameters a r e a g a i n  those of 
+ the normal oxygenated sample with d about 

0.2-0.3. However, the D3' population is not 
- 0 . 9 9 5  I n i t i a l  equal to zero. Indeed, a not too bad fi t  is 

obtained by suppressing this doublet, 
similar to those obtained for samples in a 
tradit ional t reatment  when DI dominates. 
The introduction of D3' improves the fit  of 

• these lat ter  samples appreciably which 
i ~ indicates that  the particular Fe species 

I ~ ~ * t ~ .  corresponding to D3' also occurs. 
I - " * ÷ - ~  The s~ectra at 4.2K for x=0.04 and 
~ 0 . 9 9 4  . 2 1 0 / 0 2  300/02 (1 °" series) and 210/02 (2 nd series) 

b~ 

P 

a00/  

; A./<; 2 /0 ,_  

- 5  0 5 b* ÷-- +* 

- 0 . 9 9 8  ~. 
Figure 1. MSssbauer spectra at 300K for 

toVari°us samples" Lines c°rresp°nd i ~ : ~ f i t t e d  spectra. ~ ~ ~  3 0 0 / 0 2  

doublet D3' appears for the 210/O 2, 400/02 

and 600/02 samples with 8~0 mm/s, as for e\~[ i v(mm/~) 

the D1 and D3 doublets. These doublets are [ 
usually at tr ibuted to Fe in the chains. But - I 0  - 5  0 5 10 
the AEq value of the D3' doublet is very 
near to the D4 one, usually attr ibuted to Figure 2, MSssbauer spectra (a) at 300K 
Fe in the planes. In addition the D4 for Ar annealed sample (b) at 
population increases strongly in agreement 4.2k for reoxygenated samples. 
with previous results [1,2]. For the 800/02 Lines correspond to f i t ted spctra 
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are  shown in fig. 2b. the hyperf ine  
magnet ic  pa t t e rns  spread out but the 
t r ans i t i on  t empe ra tu r e  is d i f f e r e n t  though 
x values are  the same and the s i te  
populat ions a t  300K are  not too d i f f e r e n t  
(the degree of reoxygenat ion  is s l ight ly 
higher  fo r  the 1 st ser ies  samples}. On the 
o ther  hand, it  is c lear  f rom the 
t e m p e r a t u r e  var ia t ion  of the pa rame te r s  
t h a t  the re  is a t r ans i t i on  t empera tu re  
d is t r ibut ion.  For example, ful l  magnet ic  
spec t rum is obtained within 2 K fo r  the 
210/02 samples where  the t r ans i t i on  begins 

a t  about  10 K. 

3. D i s c u s s i o n  

Ar t r e a t m e n t  leads to a s t rong 
desoxygenat ion  of the samples. As the 
t e m p e r a t u r e  is su f f i c i en t ly  high, Fe move 
in order  to keep the highest  coordinat ion.  
There a re  two ways of reaching such an 
object ive  (i) Fe occupies planes wi th  
pyramidal  coordinat ion or (ii) Fe fo rms  
c lus te r s  in chains at  leas t  pa r t i a l ly  with 
oc tahedra l  coordinat ion.  Af te r  Ar 
t r e a t m e n t ,  only small d is turbances  occur in 
the c rys ta l lograph ic  s t ruc tu re ,  as shown by 
X-ray  d i f f r ac t ion .  However a s t rong 
magnet ic  component (fig. 2a) is detected a t  
300 K, which is replaced by a paramagnet ic  
one (D4 doublet) a f t e r  reoxygenat ion  at  
210°C (fig. 1). At this  t empera tu re  Fe 
cannot  move and reoxygenat ion  does not 
concern a pr ior i  the planes. Therefore ,  the 
magnet ic  to paramagnet ic  change is 
d i f f i cu l t  to unders tand  if  these  Fe are  in 
the planes. However the D4 pa rame te r  values 
(table 1) are  very close to those general ly  
accepted fo r  Fe in the planes. This is the 
main reason fo r  the previous in t e rp re t a t ion  
[1,2]. The quest ion is to be sure t h a t  only 
Fe in the plane has these paramete rs .  
Calculat ions have shown t h a t  almost  the 
same values are  obtained fo r  oc tahedra l ly  
coordina ted  Fe in the chains. Fur ther ,  the 
D3' 8 value is cha rac t e r i s t i c  of Fe in the 
chains and can be a t t r i bu t ed  to this  s i te  
occupation,  but wi th  a Fe a r rangement  
d i f f e r e n t  f rom those corresponding to D1 
and D3 because the D3' AEq value is lower 
and s imi lar  to the D4 AEq value. In our 
opinion, D3' and a t  least  pa r t i a l ly  D4 
correspond likely to Fe c lus ters  in the 

chains. Increasing the heat ing tempera ture ,  
Fe moves and r e tu rn  to the usual 
coordinat ion (800/O2). Finally any magnetic 

order  of Cu in the planes is detected 
though the oxygen concent ra t ion  is probably 
low, special ly fo r  the 210/O 2 sample. This 

is in agreement  with the observed 
superconduct ing proper t ies  with T close to 

c 
the  values of  the pure compound. In fac t ,  
the  exis tence of these  l a t t e r  proper t ies  is 
a s t rong  a rgument  agains t  a s igni f icant  Fe 
plane occupation as establ ished by very 
numerous studies.  

The low t empera tu re  spec t ra  reveal a 
t r ans i t i on  t empera tu re  dis t r ibut ion,  as we 
have pointed out above. This d is t r ibut ion 
depends s t rongly  on the t r ea tmen t .  In our 
opinion, Fe c lus ters  of d i f f e r en t  sizes are  
the only way of explaining these fea tu res .  
Desoxygenat ion does not change the 
coordinat ion in the plane and cannot favour  
Fe c lus ter ing  on this  site.  Therefore ,  the 
c lus te r s  occur probably in the chains. 
However, a small Fe population of about 
lOZis present  in the planes. This is 
conf i rmed by the resu l t s  the 300 /02  samples 

fo r  which a sex te t  wi th  this  population is 
c lear ly  detec ted  at  4.2 K (fig. 2b). 

In conclusion, too unsolved questions 
and some cont radic t ions  resul t  f rom the 
hypothesis  of a s t rong plane Fe occupation 
a f t e r  Ar t r ea tmen t .  Fe c lus ter ing in the 
chains is c lear ly  a be t t e r  explanat ion of 
the resu l t s  but f u r t h e r  work is necessary 
to conclude. 
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