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The M8ssbauer spectra of YBa (Cul Fe, ) .0, at room tempera-
ture show several doublets attrlbuted to Fe in Cu{l) sites with

different oxygen configurations. Here we present a systematic
study performed at 4.2K for x=0.005, 0.01, 0.03, 0.05, 0.10,0.15.

To obtain information about the magnetic ordered state two sam-
ples, with x=0.005 and x=0.15, have been studied at 4.2K under
Baxt=5T. The Mdssbauer spectra indicate that the iron moments

are polarized for x=0.005, while in the ordered state (x=0.15)
they have an antiferromagnetic or spin-glass-like arrangement

with high anisotropy.

Key-words: Superconductivity; Mbssbauer spectroscopy; Iron in

ceramics; Oxides; Maghetic ordering.
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INTRODUCTION
The °’Fe Mssbauer Spectra (MS) of YBa, (Cu,_,Fe )40, at room
temperature show several doublets attributed mainly to Fe in Cu{l)
(1)

sites with different oxygen configurations . This preferential

occupation for Fe has been confirmed by electron and neutron dif-
fraction experiments(z'B). The relative intensities of these iron
species depend on the oxygen content and iron concentration. Here
we will discuss the 4.2K magnetically split patterns of the Moss-
bauver spectra which, as reported by several authors, is due to

the existence of ordered iron magnetic moments. The aim of this
study is to shed some light on the kind of magnetic ordering which

takes place among the iron moments in the Cu{l) chains.

EXPERIMENTAL

Several samples of YBaz(Cul_xFex)307 were prepared with Cu
partially substituted by Fe(x=0.005,0.01,0.03,0.05,0.10 and 0.15).
A mixture of appropriated amounts of Y203, BaCo,, CuoO and Fe203
(94,5% enriched in 57Fe) has been used for sample preparation

(1)

according to the usual procedure . Special care was taken to

obtain the proper oxygen content in order to avoid the presence

of the iron species characteristic of 57

Fe:YBa20u306 oxides. The
Méssbauer spectra were taken with source and absorber at 4.2K.
For samples with x=0.005 and 0.15 the MS were taken at 4.2K in

the presence of an external field of Bex =57, parallel to the

direction of gama rays. i
The analysis of the experimental data was performed with a

complete Hamiltonian, allowing arbitrary angles between EFG tensor

and B, .. Line intensities were derived from the eigenvectors ob-

tained after the diagonalization of the Hamiltonian. A slight dis

tribution for Bys of Lorentzian shape was allowed (a Gaussian

gives fits of similar quality, the hyperfine parameters are the

same for both shapes). An explicit distribution of the QS parameters

was not introduced for the magnetic spectra.
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RESULTS AND DISCUSSION:

The observation of split magnetic hyperfine spectra for YBa2
(Cul_xFex)BO7 at 4.2K has been reported by several authors  for
samples with 0.02< x <0.10, as a consequence of the ordering of
the Fe magnetic moments in these systems. Here we present syste-
matic results for several iron concentrations. The influence of
iron concentration on the MS at 4.2K can be seen in fig.1l. These
spectra suggest that the ordering temperature increases with
iron concentration. The broadening of the gquadrupole doublets
develops gradually into resolved magnetic spectra for x> 0.10.
These spectra are formed by several magnetic components and the
relative intensity of the iron species, with the highest hyperfine
field, increases with iron concentration (see outermost resonance
lines}).

We concentrate now our study on the YBa2(Cul_xFex)307 samples
corresponding to the two extreme values of the iron concentration
range, X = 0.005 and x = 0.15, since they do not contain the same

Fe species (see Table I} and display different behaviour at 4.2K.
In order to get some information about the various Fe species we
have studied the MS at 4.2K of both samples in the presence of an
external magnetic field Be £ =5T,. The comparison with the zero
field MS at the same temperature is shown in fig.2(x =0.005) and
fig.3 (x = 0.15); the magnetically split spectrum for x=0.1l5 seems
to be quite insensitive to the Boxt’ while dramatic effect is
observed in the case of x = 0.005. For the analysis of the
magnetic split spectra, the relative intensities of the different
magnetic sub-~spectra, as well as the isomer shifts and the corres-
ponding quadrupole splittings for the species A, B, C and D were
fixed to the values obtained from the paramagnetic state.

The following assumptions turn out to be the most appropriate
ones for the data analysis (see fig. 2 and 3).

i) for x = 0.15 in zero field: The Fe moments are directed at
fixed angles 6 versus the EFG's for the various sites.
n was kept zero.
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ii) for x = 0.15 under applied field the assumption similar to
i) turned out be to be the best; the external magnetic field
has practically no effect on the alignment of Fe moments.

iii) for x = 0.005 under applied field: complete alignment of
the iron magnetic moments along Bext is achieved. This means
that an average over random angles of the EFG versus Beff
= Bext + Bhf was performed. The asymmetry parameter n had

to be kept <« 0.2,

The various hyperfine parameters for the Fe species A, B, C and
D, obtained from the fits are shown in Table T together with the
distribution of Boss and 6 angle values.

The iron species associated to B (which dominates the MS at high
concentrations) and D (characteristic for the oxygen deficient phase)
have their magnetic moments perpendicular to the principal axis of

the EFG. Their Bhf are 22T and 25T, respectively. The first
species reveals a broader distribution in B¢ This species also
shows relative broad lines in the paramagnetic state. The
negative sign of QS (see Table I) is not consistent with the
results obtéined from samples oriented in high magnetic field(42
Using positive QS and small values for the angle @& , however,
can not yield satisfactory fitts of our data. Also finite values of
n as guoted in reference 5 give only poor agreament with our
data.

The existence of magnetic moments at iron in samples with
low x values can be derived from the M&ssbauer spectrum in
Bext = 5T obtained for x = 0.005 (fig.3). They can be aligned by
the external magnetic field and the Bhf_induced by the external
field is 16T. No information about 8 for species A can be
derived since it is present only in the sample with x = 0.005.
There we had to performe an average over this angle in order to
fit the M8ssbauer spectrum in external field. The results
revealed similar valueg for B¢ of the Fe in Cu(l) sites (A, B

and D) of the order of 20T; while the By ¢ values for C' species,
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without clear attribution, is close to 45T and does not reach

the saturation value in the x = 0.005 sample under external field.
Another Fe species(C") with similar value for B¢ is observed in
the x = 0.15 sample, having a different wvalue of (QS.

CONCLUSION:

From our results we can conclude that even for samples with

x 0.005 the iron has a magnetic moment, which can be aligned
by the external magnetic field. The fact that the magnetic
patterns (x=0.15) are hardly influenced by the external field
(main effect is only a slight broadening of the spectrum} can be
explained by a strong local anisotropy which cannot be overcome
by the dipclar energy caused by the external field. The origin
of this anisotropy is not yvet clear. One may trace it to some
kind of spin-glass - like moment arrangement with high

(2)

frustation, which may well occur by formation of iron clusters "
Despite the proposed evaluation of the data turned out to

be consistent with the relative fractions of Fe species derived

from the paramagnetic phase, there remain still some questions

concerning the uniqueness of the analysis of such complex spectra.

Essentially the shape of the spectra for iron concentration

x = 0.03 at 4.2K, and also the very similar spectra for x = 0.10

at 13K (not shown here)(l)

play a role. Such relaxation effects may be connected with the

, could indicate that dynamic effects
blocking behaviour of the magnetization of clusters.

There is hope that this kind of information combined with
the values of isomer shift and quadrupole interaction can help
to make a proper assignment for the oxygen coordination due to
the different iron species which occupy Cu(l) sites in the

YBa2(Cu1_xFex)30y ogides.
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FIGURE CAPTION

Fig.l - 4.2K Mdssbauer spectra for YBazCuBOT

iron concentration.

Fig.2 ~ 4.2K Mossbauer spectra of YBaz('Cul_x

a) Bext = 0; b)Bext = 5T.

Fig.3 - 4.2K Mossbauer spectra of YBaz(Cul_

x = 0.15. a)Bex

t t
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with the indicated

Fex)307 for x =0.005.

xFey) 30, for

= 0; b)Bex = 5T.



CBPF-NF-076/88

1 ° o + ¥ . [ ]
M ,‘!"’*‘
‘ L] '.
o | 5 t
R 1%
"\- * L]
i
100.% | e T
M\NW\ N YWRNER
~, g
. A
".__ ._f
g 5.+ '.‘;' -. 3 °/° L ]
[% :' ..}
- r »
g 100. ‘LN-‘M‘-&,V-\- - AfﬂwM
75 ™, -~
i :
: g-’ L 4 ‘. For '.-
m .h. ﬁ. .: '.’o.
= <
l;l 100 M J
r_ ‘ L el e :"‘" )
<1 - y & e
_J [ ]
8o . SN
a. » _. : . . » s - ‘ 0 °/° 1
“ar )
100 - Tatern, - el
Y NS
oo - . P
.ra 7.9 * . -. : .. A -
2SN 5%
. . . . '0'
e ns .

Fig. 1



CBPF-NF-(076/88

S %@
.woa. &
o & A8
0£ o
7
00t 66 86 L6 0°001 S'66 0°66 S'86  0°86
_ . (%) NOISSIWSNVYL

(MM/S)

VELOCITY

:Fig.z



CBPF-NF-(076/88

10 V(mm/s)

NOISSINSNVHL 3JAILVTIY

Fig. 3



CBPF-NF-076/88

‘019z 9q O3 poaumsse Sem U °jZ-p I wvIjzoads IaneqssOW SY3 UT Juasaad

saToads o4 JUSISIITP 94Ul IO (% V) A3ITSUSI3UT SATIRTSX pue (AY) 33 70 woTINgTIISTD

ueTZIULIOT BY3 FO YIPTA ‘(6) g pwe nag sy3 usemzaq orbue ‘ (¥lg) prets surzzed

-Ay @AT309330 oT3joubew ‘( 1) yapTMaUuIT ‘(D) HuT33zTids srodnapend ‘(SI) TeILBUW

 UQXT O3 SATIRISX IITYS A9WOST cmgxlﬂsoxmhvmmmw 103 saojoweaed I9neqSSOW mmhm - I 9d7dYL
p0"0| oOv'oO 06 | (s)ge-sz 68°T- S0°0 1T a
- 06°0 0 | (s)o vy 0L 0+ 1p°0 € 1D 0 = %
- 08°0 0 (S)L V¥ 6Z°0- 0£"-0 9T o)
ze*o] ov°o 06 | (S)S°TZ 86"0= 20°0 oL g 6T°0 = X
800 owv-o 06 | (S)€°SZ 68 T~ G0°0 1T a
- Sy°0 0 | (s)o vy 0L 0+ I7°0 £ 01D 15 = ¥¥og
-} g8°0 0 | (S)L°®¥ 62°0- 0Z°'0 9T e
1€°0f 0S°0 06 | (s)§°12 86" 0- Z0°'0 oL g §1°'0 = X
8T°0| o0c°0 () 0°S¢€ 0E°0-| 0z°0 €T ) s = g
8Y°0] SE'O (s)s 12z 0Z°T-| 60°0 8¢ g
G6°0f SE°OC (T)91- 8G°T-{ 9T1°0- 6¥ v G00°0 = X
(s/wu)| (s /umi) (eTsal}| (s/wm)| (s/um)
9 Y | i L€ Ko X=T, 2
A4 d g sh SI A 4 satoadg ad 0* (723" "nD)%egx




CBPF-NF-076/88

REFERENCES :

{1} E. Baggio Saitovitch, I.Souza Azevedo, R.B,.Scorzelli, H.Sai-
tovitch, S.F.da Cunha, A.P.Guimardes, P.R.Silva and A.Y.
Takeuchi - Phys.Rev.B 37 (1988), 7667.

(2) P.Bordet, J.L.Hodeau,P.Strobel, M.Marezio and A.Santoro =
Solid State Comm.66 (1988) 435.

(3) G. Roth, G.Heger,B.Renker, J.Pannetier, V.Craignaert, M.
Hervieu and B.Raveau - Z.Phys.B.Cond.Matt 71, (1988) 43.

(4) P.Dalmas de Réotier, E.Gil;P.Vulliet, A.Yaouanc, P.Chaudonét,
J.P.Senateur and F.Weiss. Proceedings of International
Conference on Magnetism, Paris, 1988.

(5) L.Bottyan, B.Molnar, D.L.Nagy, I.S.Sz8ics, J.T6th,J.Dengler,
G.Ritter and J.Schober, to appear in Phys.Rev.B 38, 13,
november 1988.



