IOPSClence iopscience.iop.org

Home Search Collections Journals About Contactus My IOPscience

Méssbauer spectroscopy and neutron diffraction studies of the compound YSrCuFeQs.y

This article has been downloaded from IOPscience. Please scroll down to see the full text article.
1998 J. Phys.: Condens. Matter 10 10317
(http://iopscience.iop.org/0953-8984/10/45/018)

View the table of contents for this issue, or go to the journal homepage for more

Download details:
IP Address: 171.66.16.210
The article was downloaded on 14/05/2010 at 17:51

Please note that terms and conditions apply.



http://iopscience.iop.org/page/terms
http://iopscience.iop.org/0953-8984/10/45
http://iopscience.iop.org/0953-8984
http://iopscience.iop.org/
http://iopscience.iop.org/search
http://iopscience.iop.org/collections
http://iopscience.iop.org/journals
http://iopscience.iop.org/page/aboutioppublishing
http://iopscience.iop.org/contact
http://iopscience.iop.org/myiopscience

J. Phys.: Condens. Matt&0 (1998) 10317-10332. Printed in the UK PIl: S0953-8984(98)94593-3

M ossbauer spectroscopy and neutron diffraction studies of
the compound YSrCuFeG,,,

M Pissas, G Kallias;, A Simopoulo$, D Niarchog, E Devlin; and

R Sonntags

t Institute of Materials Science, National Centre for Scientific Research Demokritos 153, 10
Aghia Paraskevi, Attiki, Greece

1 Berlin Neutron Scattering Centre, Hahn-Meitner-Institut, Glienicker Strasse 100, D-14109
Berlin, Germany

Received 26 May 1998

Abstract. We have studied the crystal structure and the magnetic properties of the oxygen-
deficient perovskite YSrCuFeQ, using x-ray and neutron powder diffraction, afdre
Maossbauer spectroscopy. The neutron diffraction data have shown antiferromagnetic long-range
order described with two propagation vectds = (1/2,1/2,1/2) and k; = (1/2,1/2,1).
Mossbauer spectroscopy f@r > Ty (Ty = 397+ 5 K) revealed the existence of two Fe
local environments. The first one (85% of the spectral area) was attributed to fivefold-oxygen-
coordinated F& (S = 5/2) and the second to octahedrally coordinatedFes = 5/2). For

T < Ty the spectra are magnetically split and can be analysed with a distributieipypf The

relation of the second bbsbauer site to the second propagation veegoand to the amount of

additional oxygen in thé, 1, 1) position is examined.

1. Introduction

The study of antiferromagnetic compounds which are structurally related to theThigh-
superconductors is of great importance in the effort to understand their crystal chemistry,
phase stability and magnetic properties. The family R(Ba, Sr)(A,sB)Q@where R= rare
earth, Y and La, and A, B are transition metals) display a wide variety of properties
related to crystal chemistry and antiferromagnetic interactions. Among the great number of
these compounds, YBaCuFgQ is an interesting material because of the simplicity of its
structure and the fact that it is nearly stoichiometric as regards the oxygen, i.e. it readily
retains the ‘Q" composition for samples quenched in air. The structure of YBaCgFeO
(figure 1) can be derived from that of YB&uzOs., by eliminating the CuO chain levels [1].
Mossbauer spectroscopy revealed a single Fe site which was attributed t(Ske 5/2).
The Fe moments make a 6&ngle with thec-axis and are antiferromagnetically ordered
with the Neel temperaturdy = 446 K. In addition, YBaCuFeg£), shows a novel magnetic
phase transition [2, 3] at 190 K where two sets of satellite peaks surround/@e (2, 1/2)
magnetic peak, collapsing into a single set [3] of satellites below 155 K.

Searching for the interplay between the crystal chemistry and the magnetic properties
of the ‘model’ mixed perovskites crystals R(Ba, Cu)(Cu, J®).,, we have studied the
compound YSrCuFe£),. Its magnetic properties differ significantly from those of the

§ Also at: Institute for Crystallography, University ofibingen, D-72070 @ibingen, Germany.
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Figure 1. The crystal structure of the YSrCuFeQ compound.

isostructural compound YBaCuFeQ. That is, the commensurate-to-incommensurate
magnetic transition is absent in YSrCuRgQ Across the whole temperature range studied,

the YSrCuFe®,, compound exhibits a magnetic structure which can be described with two
propagation vectors. It may be the case that the incommensurate magnetic structure present
in YBaCuFeQy,, changes into a non-collinear one. A brief report on its magnetic structure
has been given in reference [4].

In this paper we report neutron diffraction andodébauer spectroscopy data on
YSrCuFeQ;., for the temperature range 2-450 K. These results are compared with recent
data for the isostructural ReBaCukgQ (Re=Y, Pr) compounds. We also try to explain
the observed behaviour, taking into account the extra oxygen located in the Y layers.

2. Experimental methods

A sample with nominal composition YSrCuFg@as prepared by thoroughly mixing high-
purity stoichiometric amounts of SrtGDCuO, FgO3 and Y,0O3. The mixed powders were
pelletized and annealed in air at 980 for several days with intermediate grindings and
reformation into a pellet each time. Finally, the sample was quenched to room temp-
erature (RT). It is worth noting the phase evolution during the reaction process 4€980
YSrCuFeQ and SgFe,0O;_, are formed first and with the passage of time the amount of
YSrCuFeQ increases with respect to that ofsBe,0;_,. During the first stages of the
reaction a small amount of )Cw0Os is formed and remains thereafter. X-ray powder
diffraction patterns were taken in the Bragg—Brentano geometry (fromt@@20 with

a step of 0.03 with Cu Ko radiation using a graphite crystal monochromator (Siemens
D500). Mossbauer spectra were recorded using a conventional constant-acceleration spectro-
meter with a%’Co(Rh) source moving at RT while the absorber was kept fixed at the
desired temperature. DC magnetization measurements were performed using a SQUID
magnetometer (Quantum Design).

The neutron powder diffraction (NPD) experiments were performed in the flat-cone
E2 and E6 focusing single-crystal diffractometer of the research reactor BERII in Berlin.
The (311) reflection of the Ge monochromator with wavelerigts 1.2 A and the (002)
reflection of the pyrolytic graphite monochromator with wavelengtly 2.4 A were used.
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3. Crystal structure refinement

In view of earlier structural work on other isostructural compounds [3, 5, 6], three structural
models were considered:

(@) fully ordered structure in which the ¥eand C@#* ions occupy distinct cryst-
allographic sites (space groupdmm—model I);

(b) completely disordered structure with the>fend C#+ ions randomly distributed
in the (Cu, Fe)Q layers (space group4/mmm—model Il); and

(c) partially disordered structure which has the same crystal structure as model 11, except
that zre # zcu (Space groupP4/mmm—model 1I).

In YBaCuFeQ,.,, single-crystal structural analysis [7],ddsbauer spectroscopy [8, 9],
magnetic neutron diffraction [10, 3] and Raman and IR spectroscopic studies [11] have
shown that the correct structural description must be based oR4hen space group.

Table 1. Fractional atomic coordinates and isotropic temperature factors, for the compound
YSrCuFeQ@,,, obtained using neutron diffraction data At= 300 K. Rietveld refinements
were done in the tetragonal space gratgpnm (model 1), P4/mmm (model Il) andP4/mmm,

zZre # zcu (Model 111). The atom positions are: Y0, 0, z); Sr: (0,0, 0); Fe: (1/2,1/2, z); Cu:
(1/2,1/2,z); O1: (1/2,1/2, z); O2: (1/2,0, z); 03: (1/2,0, z); O4: (1/2,1/2,1/2).

NPD data
a =3.83171) A
c=7.60764) A

Atom Model | Model Il Model 1lI
z(Sr) 0 0 0

B(Sr) 1.4(2) 2.2(1) 2.15(2)
z(Y) 0.486(4) 1/2 1/2

B(Y)  0.3(1) 0.38(8) 0.27(8)
z(Fe) 0.240(2) 0.2631(4) 0.249(1)
B(Fe)  0.33(6) 0.33(5) 0.04(7)
Z(Cu)  0.714(2) 0.2631(4) 0.280(1)
B(Cu)  0.33(6) 0.33(5) 0.04(7)
2(01) —0.016(4) O 0

B(Ol) 1.17(7)  1.10(5) 1.08(5)
2(02)  0.290(4) 0.3105(3) 0.3103(4)
B(O2) 1.17(7) 1.10(5) 1.08(5)
2(03)  0670(4) — —

B(O3)  1.17(7)  2.1(1) 2.1(1)
04 0.486(4) 1/2 1/2
B(O4)  1.17(7)  1.10(5) 1.08(5)
n(04)% 71 8(1) 6(1)

R, 5.03 5.04 4.99
Rup 6.47 6.49 6.38
Rp 5.42 5.30 5.53

The refinement of the XRD patterns was carried out by the BBWS-9006 Rietveld
program [12], while for the NPD patterns we used the profile-fitting program FULLPROF
[13]. The profile shape function was assumed to be Pearson VIl for the x-ray data, while
for neutrons we used a pseudo-Voigt function with the mixing parameter 0.3. The
background was refined together with the structure. We used the XRD data for phase
identification and cell constant estimation. The refined parameters for all three structural
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Figure 2. The Rietveld refinement pattern for powder x-ray diffraction data for YSrCgleO

The observed intensities are shown by dots and the calculated ones by solid lines. The positions
of the Bragg reflections are shown by the small vertical lines below the patterns. The upper

vertical lines are for the reflections of YSrCuRgQ, while the lower ones are for the reflections

of Y,CwOs. The asterisk at 31°3denotes the more intense peak of thgC6,Os phase. The

line at the bottom indicates the intensity difference between the experimental and the refined

patterns.

models obtained using the NPD data are listed in table 1. Figure 2 and figure 3 show
the refined XRD and PND patterns &t = 300 K, respectively. The sample consists of
a single phase except for a reflection of small intensity (less than 5% of the more intense
peak) at 313° in the XRD pattern, which probably comes fromG,Os. The lattice
parameters: and ¢ are reduced by .85 and 06 A respectively with respect to those of
YBaCuFeQ,,. This decrease can be attributed to the faoct that the ionic radius of Sr in
dodecahedral coordination is smaller than that of Ba iy @& [14].

Satisfactory refinements of the nuclear structure were obtained for all models although
the reliability factors (mainlyRg) are slightly better for model Ill. However, no safe
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Figure 3. Rietveld refinement patterns atRT for an YSrCukEeQsample obtained using
neutron powder diffraction data & 1. 221A) The observed intensities are shown by dots and
the calculated ones by solid lines. The positions of the Bragg reflections are shown by the small
vertical lines below the patterns. The upper two denote the reflections that correspond to the
propagation vectorg; and k; respectively, the third to the nuclear part of YSrCukgPand

the fourth to ,CwOs. The line at the bottom indicates the intensity difference between the
experimental and the refined patterns.

conclusion can be drawn from this. The improvement in the refinement on going from
models | and Il to Il is not statistically significant on the basis of the nuclear profile
refinements. For model | the fit was a little better wheﬁﬁuas at the centre of the severely
elongated pyramid (Cu—Q = 2.04(4) A, Cu- —-Q, = 1.9456) A) In the Fe@ pyramid the
Fe—-Q, bond dlstance (954 A) is shorter than the Fe—Q distances (B53(6) A) with
the iron ion~0.36 A above the basal plane of the pyramid. On the other hand, model II
leads to a (Cu/Fe)©Opyramid with the apical distance .((1) A) appreciably larger than
the equatorial distance @498) A) Finally, in model IIl there are two types of pyramid
as in model I. For the iron pyramld FezO= 1.89(1) A and Fe-Q, = 1.971(2) A while
for copper, Cu-Q, = 2.1331) A and Cu— —-Q, = 1.9291) A

In other Fe-substituted cuprate perovskites, with Fe and Cu occupying a site with
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pyramidal coordination, the apical (Cu/Fe)zond distance is larger than the equatorial
(CulFe)-Q, distance. In (Y, CeSrCu,FeQy-, the corresponding distances ar@22)
and 1919 A [15], in YSr,Cws.Fe O, they are 210(1) and 1922 A [16] and in
Y,SrCuFe@s they are 2002(2) and 1968(6) A [17]. However, in compounds where
Cu and Fe occupy different crystallographic sites with pyramidal coordination, the,Fe—O
bond distance is shorter than the Fer@istance. For example, in YBaCuFeQ it is
Fe-Q. = 1.82(9) A and Fe-Q, = 2.03(3) A LlO Also, in (Y, CebSrLCuFeQ [18] it is
Fe-Q, = 1.8551) A and Fe-Q, = 1.9231) A [18].

All models revealed=6% occupancy at the (1/2, 1/2, 1/2) oxygen position. This oxygen
is also seen in the Bksbauer spectra, since it changes the iron coordination from square
pyramidal to octahedral, thereby increasing the electric field gradient.
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Figure 4. Rietveld refinement patterns at 300 K (instrument E2 (low resolution)) and 2 K
(|nstrument E6) for an YSrCuFeQ, sample obtained using neutron powder diffraction data
(r=241 A) The positions of the Bragg reflections are shown by the small vertical lines below
the pattern. The upper two denote the reflections that correspond to the propagation vectors
k> andk; respectively and the lower ones to the nuclear part of YSrCgEgOThe observed
intensities are shown with dots and the calculated ones with the solid lines.

4. Magnetic structure

Figure 4 shows the neutron diffraction patterns at 300 K and 2 K. Apart from the expected

crystal structure peaks there are additional peaks that are absent from the corresponding
XRD patterns. Moreover, since their intensities decrease with increasing temperature these
peaks can be attributed to magnetic long-range order. The magnetic peaks can be indexed
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with superlattice indicesh1/2, k1/2,11/2) and (hy/2, k2/2,13), where hy, k1, ho, ko, 11, [

are odd integers. Theé:,/2, k1/2,11/2) reflections come from a spin arrangement with
propagation vectok; = [3, 1, 1]. The half-integer indices imply tha(R + ¢) = —S(R)

and S(R+a) = —S(R) (or S(R) = exp(ik; - R)S(0)), where R is a lattice vector

and S(R), S(0) are the magnetic moments at the lattice sifgsand O, respectively.

The (hy/2, k2/2, 1) reflections come from a spin arrangement with propagation vector
k2 = [3. 3. 11, which implies thatS(R + ¢) = S(R) andS(R + a) = —S(R). According

to the above remarks there are three possible candidate collinear magnetic mokielsrfdr

only one fork,. Since the half-integer and integer Bragg reflections correspond to separate
Fourier components they can be treated separately. We may then solve for the components
of the spin structure for the two types of reflection separately. The overall picture can be
interpreted with two models:

(a) anincoherent mixture of domainsith different propagation vectors and with the
same ordered moment, but occupying different volumes; and

(b) acanted modeWhich is the vector sum of two collinear magnetic structures with
different ordered magnetic moments but occupying the same volume [19].

According to Rossat-Mignod [20], the reason for the existence of a canted magnetic structure
is the existence of terms higher than second order in the magnetic free-energy expression.
The magnetic structure factor fak; on the basis of a magnetic unit cell with
ay =by = «/E(ZN,CM = 2cy is
F(/’lkl) =1- e(ri(h+k))(1 _ er(il)(pAeZTIilz 4 erri]pBe—ZniIZ) (1)

wherep; = (occupancyx (0.269x 10712 cm/u ) S, f; exp(—W;). S; is the average ordered
magnetic moment (in Bohr magnetonsg) for the jth atom in thej-layer (j = A, B),
f; is the magnetic form factor [21] for the magnetic ion at tjite layer andW; is the
Debye-Waller factor for theith atom. Forp, and pp it can be eitherpy, = pp or
pa = —pg. However, there is practically no difference between the calculated patterns of
the two models (because according to equation (1):fer 1/4, F2 « 4p2 Siré(rr/4) or
F? o 4p2 cog(r/4) for py = pp and p, = —pp respectively), so we cannot distinguish
between them. A refinement performed with the magnetic moment lying ia-theplane
gave poor agreement. A better result was obtained by considering that the magnetic moment
is directed along the-axis. Considerable improvement was achieved with the magnetic
moment at an angle to theaxis. These results were obtained upon comparing the intensity
ratio of the peaks (&2 1/2 3/2) and (¥2 1/2 1/2), which depends only on the orientation
factor (1 —(q - §)2){,1k,} and not on the magnitude of the magnetic moment.

Similarly, the structure factor fok, on the basis of the magnetic unit cell with
ay =by =\/§aN,cM =CN is

F(hkl) = (1 — " "*0) (p &7 4 ppe@iin), @

The absence of the = 0 magnetic Bragg peak implies that the sum of the spins of two
adjacent layers is zero, which in turn means that the magnetic moments of these layers
are of equal magnitude but in opposite directiopg & —pg). This situation cannot be
realized unless layers A and B are equivalent. Takipg= 1 — z,, the structure can be
written as

F(hkl) = (1 — €1+0)2ip, sin(2riz). 3)
At this point the free parameters are the magnitude of the magnetic moment and the angle

to the c-axis. Although we have only three reflections available, there is a point which
plays an important role in the calculation. If we compare the calculated and experimental
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patterns of the partially resolved reflectiongZ31/2 1) and (¥2 1/2 3), the agreement is
better with the spins lying in the—b plane than with them lying along theaxis.

Therefore, for the canted magnetic structure model the ordered magnetic moments per
ion at 2 K are estimated to b&[k;] = 1.5(4) up (S(ky) = 1.5z + 0.2(5)2) and
S[k;] = 1.6(1)y np. The same analysis can be applied at 100, 200 and 300 K, yielding
S[k1] = {1.4,1.2,1.0} up and S[ky] = {1.6,1.5,1.3} up respectively. For the model
with the incoherent mixture of domains with the two propagation vectors having the same
ordered momenty ~ 2 1), the two domaing; andk, occupy 41% and 59% respectively
of the total volume of the crystal at 2 K.

16 T Y T T T T T
" | YSrCuFeO, |

M (1 emu/cm’)
—
o™
1

* T=218K |

S S [YBaCuFeO,, 1

9 .."-. \/\/ .

8
0 100 200 300 400
Temperature (K)

Figure 5. Zero-field-cooled magnetization versus temperature for both YBaCsFe@nd
YSrCuFeQ@,, in afield of 1 kG. There is an increase of the magnetization in the vicinity of the
antiferromagnetic transition, but we could not go to higher temperatures due to the limitations
of our SQUID.

Figure 5 shows the variation of magnetization with temperature for the YSrGykeO
and YBaCuFe@,, compounds. For the latter a broad peak is observed at 218 K that can
be associated with the satellite peaks in the NPD pattern in that temperature range [2]. No
such transition occurs in the case of YSrCuEgQin agreement with the neutron data. We
see an increase in the magnetization above 360 K, in the vicinity of the antiferromagnetic
phase transition.

5. Mossbauer spectra

Figure 6 shows the Blssbauer spectra (MS) of YSrCuRgQ at 450 K (the paramagnetic
region) and £ K (the magnetic region). The parameters obtained from least-squares fitting



Mossbauer spectroscopy and neutron studies of YSrCiiFeO 10325

100 ¢

98

96

[Ne]
~

S

g o2t

47 —L L

wn

SR W N T

wn

£ 100 B

o p )

E - |

g [ ]

B 99 ]

’ES L i

[) 3 A

e 98 | ]
97 | |
96 | |

(b) T=4.2 K

-8 -4 0 4 8
Velocity (mm/s)

Figure 6. Mossbauer spectra of the YSrCukgQ compound at (a) 450 K and (b) 4.2 K.

Table 2. Experimental values of the half-linewidity2 in mm s, the isomer shiff relative to
that of metallic Fe at RT in mm3, the quadrupole shift in mm s71, the hyperfine magnetic
field H in kG and the hyperfine magnetic field spreaél modulating the linewidths, as obtained
from least-squares fits of the ddsbauer spectra of YSrCuFgQ. The numbers in parentheses
are estimated standard deviations referring to the last significant dighi (4.2) = 2 kG;
AHpg(4.2) = 2 kG; area of component A 85%; area of component & 15%.

T (K) TI/2 s e H

450 0.174(1) 0.156(1) 0.136(1)
0.160(0) 0.164(3) 0.468(1)

42 0.171(2) 0.385(0)-0.055(1) 513(1)
0.186(0) 0.381(0)—0.106(7) 497(8)

using Lorentzian lineshapes are listed in table 2. The 450 K spectrum (figure 6(a)) was
analysed with two doublets, denoted by A and B. The presence of two doublets in the MS
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is an unexpected result since there is only one crystallographic site for Fe. Component A
(85% of the 450 K spectrum) can be attributed to the structurally predicted fivefold-oxygen-
coordinated Fe site [5, 8, 15, 16]. A first explanation of the origin of component B is that
it comes from an impurity phase. The possibility that component B comes from some iron
which replaces the Cu ions in the,@u,Os compound is ruled out because (a) this would
mean that all of the Cu in XCw,Os is replaced by Fe, something nearly impossible because
Y2Fe,0, does not exist, and (b) foroxCwOs, Ty = 17 K [22], while the Mdssbauer spectra

for component B are magnetically split up to 390 K. Having excluded the possibility of an
impurity origin for component B, we can attribute it to a second non-equivalent (from the
Mossbauer point of view) Fe site in the structure. This can happen either with a part of Fe
being octahedrally coordinated (due to some remnant oxygen) or with somez Fe @R7

and not at the; >~ 0.25 position (structural model Illl)—that is, at a site normally occupied
by Cu. A third explanation consists in having Cu and Fe in different (successive) layers
with a small amount of Fe residing in the copper plane (structural model ).

The 42 K MS (figure 6(b)) seems from a first viewing to consist of a component with
inhomogeneous broadening. However, the small asymmetry between lines 1 and 6 dictates
the introduction of a second site. Taking as a guide the 450 K spectrum, we fitte®tkie 4
spectrum with two sextets, with spectral area ratio 85:15. It is worth noticing thaR &t 4
the hyperfine field of the majority component A is 16 kG greater than that of component B.

Next, we calculated the angle between the iron magnetic mof$8rand the principal
electric field gradient (EFG) axis from the values ©ofat 450 K and £ K (for both
components A and B). The principal axis of the EFG tensor is alongcthris and,
supposing thaty = 0 (an assumption supported by the tetragonal symmetry) and that
g = V,. /e is positive (as indicated from a point charge calculatioiv9j, then the equation

£(4.2 K) = £(450 K)(3cog6 + 1)/2

givesf, = 75 £ 2° andfz = 65 + 2° (¢ = (1/8)e?gQ(3cos6 — 1+ nsirf 6 cos )
ande = (1/4)e?q Q(1 + n?/3)%2 for the magnetic and paramagnetic spectra respectively).
In YBaCuFeQ;, the magnetic moment makes an angle of é#h the c-axis (if ¢ > 0).

In order to determine the transition temperature, we recorded the relative transmission
of the 144 keV y-rays of °’Co at zero velocity as a function of temperature. In the
paramagnetic region there is a decrease of the zero-velocity transmission due to the 10%
absorption (atv = 0) of the unresolved doublet. When the spectrum becomes mag-
netically split, absorption occurs at non-zero velocities. This method is a thermal scan
method in Mdssbauer spectroscopy for determining the ordering temperature. So, this
measurement allows the determination of the transition temperature from the paramagnetic
to the magnetically ordered state. In figure 7 the variation of the relative transmission with
temperature is shown. The transition temperatfiveis defined as the intersection of the
maximum-slope line of the curve with the extrapolation from the high-temperature region.
It can be seen thally = 397+ 5 K and that the transition to the magnetically ordered state
is not very sharp, since the relative transmission is saturated 59 K b&jowHowever,
because of the overlapped nature of the subspectra and the manner in which splitting first
occurs, the observed broadness of the transition is rather indicative. Of course the smearing
out of the transition in the region close Ta, can be attributed to variations of the average
concentration Cu:Fe= 1:1 through the volume of the crystallites. Such inhomogeneities
in the crystallites can produce regions with somewhat differef¢lNemperatures. In the
parts of the crystallites with higheFy, (S;) is non-zero even when a large part of the
antiferromagnetic material has already gone into the paramagnetic state. The result is a
broad transition that occurs over a certain range of temperatures which foéaladgion.
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Figure 7. (a) The temperature dependence of the zero-velocity relative transmission. The change
in transmission affy results from the absence of magnetic splitting ab®ye The transition
temperatureTy is defined as the intercept of the extrapolation of the curve at the maximum
slope with the temperature axis. (b)askbauer spectra in the vicinity @} .

For T < Ty the spectra consist of a sextet with broad absorption lines. For
350 < T < 413 K (figure 7(b)), the spectra indicate relaxation behaviour, similarly to
the case for the YBaCuFe@, compound [8]. Foil" < 350 K the MS show an asymmetric
broadening which decreases as the temperature is reduced. A first attempt to fit the spectra
with Lorentzian lines supposing that the hyperfine magnetic field follows a Lorentzian
distribution gave poor results. Ti¥éFe MS provide information about the magnitude and
the polarization of the s-electron wave functions at ¥ffée nuclei. These charge and spin
densities depend on the environment of the Fe atom. Therefore, the asymmetry can be
attributed to the cationic surrounding of the Fe, which can create appreciable changes in the
hyperfine magnetic field. Due to the different possible configurations, complex magnetic MS
can be expected. The MS should consist of several components \iagsaries linearly
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Figure 8. Mossbauer spectra of YSrCuFRgQ from 340 K down to 4.2 K. The continuous line
is the fit to the experimental spectra assuming a distribution of the effective hyperfine magnetic
fields.

with the number of nearest iron neighbours. The weight of each subcomponent will be
given by a binomial distribution, if short-range-order phenomena are absent. The structure
of the spectra due to disordering is not well resolved, due to the poor inherent resolution
of the Mdssbhauer spectroscops16 kG). Drastic changes of the hyperfine parameters are
observed only when different Fe coordinations are present. Applying the above discussion,
we have replaced the multicomponent analysis withFap, that follows a distribution
p(Herr) which modulates the absorption lines. For the estimation of the distribution we
used the Le Ga&r—Dubois program [23]. Figure 8 shows the fitted MS from 340 K down

to 4.2 K. Figure 9 shows the corresponding distributions of the magnetic hyperfine field
for several temperatures as estimated from the Lér€ubois program. The small tail to

the left of the maximum op(H,ss) corresponds to component B. The hyperfine magnetic
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Figure 9. The estimated hyperfine-field distribution lineshayél. ;) for the Mossbauer spectra
of YSrCuFeQ@,, as a function of temperature. The inset shafils, defined as the point at
which p(H,sr) has a global maximum, as a function of temperature.

field, defined as the maximum m(H,,,), is plotted as a function of the temperature in the
inset of figure 9. This particular value represents the larger percentage of Fe ions in the
sample. The parameters obtained are very close to those obtained upon fitting the spectra
with two sites and considering that the hyperfine field follows a Lorentzian distribution. For
the estimation ofp(Hess) we considered all of the components of the spectrum as having
isomer shiftss ~ 0.28 mm s ande ~ —0.06 mm s. The continuous line in the inset of
figure 9 is obtained from the mean-field approximation by solving the equation

o = By[(31)/(J + 1)(o/7)]

whereo = H,z¢(T) is the effective hyperfine field; = T/Ty is the reduced temperature
and J is the spin of Fe in the high-spin staté £ 5/2).



10330 M Pissas et al

6. Discussion

6.1. Mossbauer spectra

Near Ty, we have the coexistence of magnetically split and paramagnetic spectra. In this
temperature range, the Weiss molecular field may offer a reasonable explanation of the
Mossbauer spectra. In this context, the electron spin jumps in a random manner between
the discrete spin states, as a result of the interactions with local fluctuating fields. Due
to disordering phenomena among the Cu and Fe, we have strong local (short-wavelength)
fluctuations of the hyperfine magnetic field néar. At low temperatures the spin-wave
frequency is large compared to the Larmor precession frequency and thef&fgrds
proportional to(S,). Thus, the observed broadening should be of static origin.

6.2. Magnetic structure

The presence of two propagation vectbisandk, for T < Ty has been observed in oxygen-
reduced PrBaCuFeQ, [5]. In YBaCuFeQ,, for T < Ty = 441 K the magnetic structure

is described with propagation vectgi (references [24, 6, 10]), while foF ~ 200 K a
commensurate-to-incommensurate magnetic transition occurs. The propagation vector for
the incommensurate cell {§, 0, 0.213). We must note at this point that the incommensurate
magnetic structure could not be interpreted with a magnetic-domain-based model (for the
validity of this argument see below). In contrast to that of YBaCukgOthe magnetic
structure of the YBaCuCof), compound forT < Ty can be described only witk;,

pa = pp (because; = 0.2763, the other casep, = —pp, can be ruled out) and

with the ordered magnetic moment parallel to #axis [25]. For the solid solution
YBaCw_,Co,05., (0.3 < x < 0.75 the magnetic structure is described wih and

with the ordered magnetic moment lying in theb plane, whereas for.05 < x < 1

the magnetic structure is described wkh (the magnetic moment along theaxis for

T, < T < Tz and away from the-axis for T < T3) [26]. Finally, for YBaCoCysFeysOs

the superlattice magnetic peaks come from a magnetic structure with propagation vector
ky [27].

In the Pr compound the presence of two propagation vectors originates from some kind
of interaction between (Cu, Fe) and Pr ions; thus, in the case of YSrGuFeDich an
explanation is not applicable, sincé*Ydoes not carry a magnetic moment. The same holds
for YBaCuFeQ,,. The existence of site B in the MS of YSrCuRgQ, PrBaCuFe@,,
and YBaCuFe@,, compounds (although it was either ignored or attributed to a secondary
phase in the case of YBaCuFgQ) leads us to believe that there might be a correlation
between site B and the two propagation vectors. As previously noted in the description
of the MS, site B arises from octahedrally coordinated iron ions due to remanent oxygen
at the O4 sites which mediate in creating exchange interactions between nearest-neighbour
(Cu, Fe) ions. If the O4 site was completely empty only dipolar interactions would exist.
Consequently, the existence of the additional oxygen creates, in addition to the dipolar
ones, superexchange interactions of the (Cu, Fe) ions that are located above and below the
Y layers. Such a complicated spin Hamiltonian, can probably explain the two-propagation-
vector magnetic structure. In the case of YBaCuggQhe amount of additional oxygen
is so small that it is not able to stabilize tkg-component in a long-range order.
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7. Conclusions

This study shows that YSrCuFgQ magnetic structure can be described with two

propagation vectorsk; = [3, 3. 3] and k, = [3,1,1]. The local structure of Fe, as

seen through the Bbsbauer spectra, is not unique. The majority of the iron occupies a
site with pyramidal oxygen coordination, while 15% occupies a site with octahedral oxygen

coordination. The second site may be related to the appearankg ofhe amount of

additional oxygen in theX 1, 1) oxygen position should play a critical role in this. The x-

ray and neutron powder diffraction data show a simple average structure, although in reality
the microstructure of YSrCuFeQ, can be more complicated (comprising®9@omains
which are responsible for site B).
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