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The antiferromagnetic structure of the Cu spins and the Néel point in
Y,BaCuOs were redetermined by neutron powder diffraction. There
are two possible collinear models with wave vector k = [0,1/2,1/2)
and the spins directed along the c-axis. These models cannot be
distinguished in powder diffraction. The ordered magnetic moment of
the copper atom at saturation amounts to 0.55(3)u.

FROM THE DISCOVERY of high temperature
superconductivity many experiments suggest that
magnetism plays an essential role in CuO,-based
superconductors. Therefore, the magnetic properties
of the stable compounds from the triangle BaO-
CuO-Y,0; require a better understanding in order
to evaluate the magnetic interactions in related high-
temperature superconductors.

This is one of the reasons why the cuprates
R,;BaCuQOs known as “‘green phases” are being
extensively investigated now. Magnetic structures
have already been reported for Dy, Ho, Er, Tm
and Yb compounds {1]. In the Y,BaCuQs; com-
pound, where there is only one magnetic sublattice
of Cu spins, the ordering with two wave vectors
k=1[0,0,1/2] and k = [1/2,0,1/2] has been claimed,
following from the observation of two magnetic
reflections 1,0,1/2 and 1/2,1,1/2 [2]. This ordering
does not correspond to the structures of the Cu
sublattice observed in [1]. In [3] the authors believe
that the reflection 1/2,0,1/2 attributed to the wave
vector k = [1/2,0,1/2] is caused by magnetic scatter-
ing due to the Cu spins in the YBa,Cu;0, impurity
phase. Besides, the structure reported in [2] is not
compatible with the results of M&ssbauer spectro-
scopy [4]. Therefore, we have undertaken a new
neutron diffraction study of Y,BaCuQOjs. The results
of these investigations are described below.

The measurements on a powder sample of
Y,;BaCuQOs were carried out in the high intensity
mode on the diffractometer DMC [5] at the reactor

Saphir of Paul Scherrer Institute. The neutron
wavelength was 1.7036 A. The 1.7K pattern clearly
showed two resolved magnetic reflections (Fig. 1).
In a first step, the accurate cell parameters and
the zeroshift were determined from the profile
analysis of this pattern. Using them the observed
magnetic reflections can be indexed as 0,1/2,1/2
and 2,1/2,1/2 and not as 1,0,1/2 and 1/2,1,1/2
as suggested in [2] (see Table 1). In addition in
our experiments only the single wave vector
k =[0,1/2,1/2] was observed.

The Y,BaCuOs compound crystallizes in the
orthorhombic space group Prma. Copper atoms are
distributed over the general fourfold positions: (1)
x,1/4,2; (2) 1/2 —x,3/4,z+1/2; 3) x,3/4,—z; (4)
x+1/2,1/4,1/2 — z. Carrying out the group theor-
etical calculations we found that any combinations of
spins are possible. Only the magnetic reflections
0,1/2,1/2 and 2,1/2,1/2 were resolved from the
nuclear ones. Therefore, their intensities for different
models were calculated and compared with the
observed ones. The atomic coordinates for calculat-
ing the magnetic structure factors were obtained by
profile analysis of data collected in the paramagnetic
phase at 20K (Table 2). The coordinates found were
practically the same as reported in a previous study
[6] and as those obtained from data collected at 1.7K.

Fitting the different modes A (+ - —+), C
(++—--), G (+ — +-) and F (+ + ++), where the
brackets designate the signs of four Cu spins, it
turned out (Table 3) that the copper spins were

1035



1036

4000 I (%10 counts)

200 T
3 | | oty

24003

1600.§

8003 ~ UU

0=IllllIllll][lllITIIIIIIIIIIIXITTIII"\
10 20 30 40

20 (degree)

Fig. 1. Neutron diffraction pattern of Y,BaCuOs at
1.7K. The upper stripes mark the nuclear reflections
and the lower ones the magnetic reflections.

Table 1. Scattering angles (in degrees) of the magnetic
reflections of Y,BaCuOs for a neutron wavelength of
1.7036 A

h k ) Calculated Measured
0 1/2 1/2 10.961 10.92(3)

1 0 1/2* 10.487

2 1/2 1/2 19.508 19.51(5)
1/2 1 1/2* 19.036

The asterisks indicate the reflections reported in [1].

Table 2. Atomic coordinates of Y,BaCuOs obtained
from neutron diffraction data collected at 20K

x y z
Ba 0.0942(6) 0.25 0.0703(10)
Y1 0.0743(4) 0.75 0.3974(7)
Y2 0.2890(4) 0.75 0.1181(7)
Cu 0.6600(5) 0.75 0.7136(7)
o1 0.5663(4) 0.507(1) 0.8337(5)
02 0.7726(4) 0.505(1) 0.6458(7)
03 0.6003(6) 0.75 0.4227(9)

Table 3. Calculated and measured neutron intensities
of magnetic reflections of 'Y,BaCuOs

h k ) Calculated Measured
0 1/2 1/2 328 373(20)
2 1/2 1/2 137 111(17)
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Fig. 2. Magnetic structures of Cu spins (shown by
arrows) of Y,BaCuOs: (a) F mode, (b) A mode.

directed along the c-axis and that the ordering can be
described by A or F modes (see Fig. 2). These
structures cannot be distinguished in powder diffrac-
tion because the intensity of the magnetic reflections
are the same. A wave vector k = [0,1/2,1/2] means
that a translation along the b and c axes alternates the
direction of all spins. Therefore, in spite of a
ferromagnetic mode F in a chemical cell, the
magnetic structure in a magnetic cell is antiferromag-
netic. The ordered magnetic moment of Cu at
saturation was found to be 0.55(3)up. For its
calculation we used the form-factor from [7]. The
low value may be the result of a large degree of
covalency [8]. The temperature dependence of the
intensity of the magnetic reflection 0,1/2,1/2 is
shown in Fig. 3. The Néel point is approximately
16.2(5) K in good agreement with the data from
optical spectroscopy [9, 10]. The magnetic modes of
the Cu sublattice proposed were similar to those
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Fig. 3. Temperature dependence of the magnetic
reflection 0,1/2,1/2 of Y,BaCuOs.
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reported for Dy,BaCuOs at low temperature but in
the last case the wave vector is k = [0,0,0]. The
observed wave vector k = [0,1/2,1/2] was also found
in the compound Yb,BaCuOQOjs [1].

It is interesting to compare our results with
optic investigations [9, 10]. Those authors have
observed two different magnetic fields at the site of
the rare earth ion caused by different Cu spin
surroundings. They connect these fields with two
different magnetic phases, because the ratio of
the integral intensities of corresponding lines
depends on the sample studied. These phases
may be connected with our A or F modes which
cannot be distinguished in powder diffraction.
In the Y,BaCuQjs structure the CuQOs pyramids are
very isolated. Different links Cu-O-O-Cu may
result in a coexistence of two magnetic phases
described by A and F modes that may have
close ground state energies. This question as well as
the origin of the anomaly in the temperature
dependence of the intensity can only be resolved
by appropriate neutron diffraction from a single
crystal.
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