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Conventional ceramic method has been used to prepare the green phase, Y2BaCuOs, commonly observed in 90-K supercon-
ductor YBayCu307.sas an impurity phase. The powder X-ray diffraction analysis indicates that Y ,BaCuOs has an orthorhom-
bic symmetr- with lattice parameter ofa = 12.2 A, b = 5.61 ;X, andc = 7.14 A. The average g-value 2.13 observed in ESR
spectrum is attr butable to Cu?+ stabilized in C, field. From the magnetic susceptibility (¢.y=2.29 BM) and the ESR mea-
surements, it is confirmed that Cu(II) 3d® electrons in Y2BaCuOj; are localized and can be characterized by Curie-Weiss
beh-.~“or. Optical reflectance spectrum shows a broad absorption peak around 680 nm due to dxy - dx2-y2 eletronic transi-

t10 -

Introduction

Since the discovery of high Tc superconductor by Bed-
norz and Miiller!, and Wu ef al?, numerous studies on this
system have been performed with various scientific and tech-
nological points of view.

Recently some efforts have been made to prepare the
pure YBa,Cuz0;., phase not by conventional ceramic pro-
cessing and fabricating methods but by chemical precursor
ones®* because a green insulator Y,BaCuOs is very often de-
tected in the polycrystalline superconductor YBa,Cu;0;.,as
an impurity phase.

The purpose of this work is to investigate physicoche-
mical properties of the green phase Y,BaCuO;, which might
suppress the superconducting behavior, and to differentiate
its spectroscopic properties from the superconducting phase.

In this work, preparation, structure, magnetic susceptibi-
lity measurement, electron spin resonance, and optical re-
flectance spectroscopic studies have been systematically car-
ried out on Y,;BaCuQs;.

Experimental

Y,BaCuQO; was prepared by two steps: at first a mixture
of 1:1:1 mole ratio of Y,0,, BaCO;, and CuO powders has
been pelletized and preheated at 900 °C for 18 hours and then
the sample was reground, repelletized, and finally heated at
940 °C in oxygen atmosphere for 24 hours. Color of the ob-
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Figure 1. XRD pattern of Y3BaCuOs.

tained product was green.

X-ray diffraction patterns were recorded with Ni-filtered
Cu-K. radiation (A= 1.5418 A) on Jeol diffractometer. Elec-
tron spin resonance spectra were obtained from 10 K to 300
K with a Bruker Et 200tt X-band spectrometer. Magnetic
susceptibility measurement was carried out with a Faraday
type magnetobalance from 77 to 300 K. Optical reflectance
spectrum was obtained at room temperature with a Carry 16
spectrometer.

Results and Discussion

According to the X-ray powder diffraction analysis, a sin-
gle phase of Y,BaCuO; has been identified as an orthorhom-
bic crystal system. Its space group is P, or P, with the
lattice parameters a=12.2 A, b=561 A, and c=7.i4 A
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Table 1. Calculated d-values and Diffraction Angles for Cu-K: Based on the Orthorhombic Structure and Comparison with the
Observed Angles and Intensities!?

. 26(deg.) . 20(deg.)
hkl d(A) Loss hkl d(A) Lss
calculated observed calculated observed
101 6.162 14.36 14.32 3 403 1.876 48.47 48.52 10
102 3.426 25.98 25.95 6 131 1.789 50.99
202 3.081 28.95 28.93 4 230 1.788 51.04
400 3.050 29.26 29.21 8 422 1.787 51.06 51.09 8
311 2.990 29.86 29.71 100 004 1.785 51.13
112 2.924 30.55 30.42 67 521 1.783 51.20
31.50 36 602 1.767 51.69
} 51.75 6
020 2.805 31.88} 31.84 16 104 1.766 51.71
401 2.805 31.88 223 1.739 52.57 52.34 16
212 2.701 33.14 33.03 16 701 1.693 54.12
411 2.509 35.76 35.65 8 612 1.685 54.39} 54.32 5
312 2.420 37.11 37.02 9 114 1.685 54.41
103 2.336 38.51 38.45 5 323 1.657 55.39 55.08 14
402 2.319 38.80 55.52
co1 pans 38_98} 38.96 10 | 331 1653 55.55 { Oy 1(2)
203 2.217 40.66 40.63 20 702 1.566 58.92 58.99 11
013 2.191 41.17 41.29 10 423 1.560 59.19 59.18 6
412 2.143 42.13} 42.91 4 603 1.546 59.77 59.85 4
511 2.135 42.29 712 1.509 61.41
222 2.074 43.60 43.60 6 0214 1.506 61.52 6143 8
600 2.033 44.52 44.55 6 622 1.495 62.03 61.86 9
421 1.983 45.70 45.46 27 1214 1.495 62.04} {62.07 1
601 1.956 46.39 46.53 6 801 1.491 62.19
H* 700G )
R
000 1060 * 3050
H (Gauss)

Figure 3. ESR spectrum for Y2BaCuQOs; at room temperature.

F}gure 2. Local symmetry of copper in Y2BaCuQs. (Bond lengths
(A) and angles are also indicated).

which are in good agreement with the previous work?®,
Figure 1 shows the X-ray powder diffraction patterns for
Y,BaCuOs, and expected d-values for various indices are cal-
culated and presented in Table 1. Michel and Raveau first re-
ported the Y,BaCuO; in 1982 as one of a series of rare earth
barium copper oxides®. They showed that yttrium is coor-
dinated by 7 oxygen atoms with the local symmetry of distor-
ted trigonal prism and barium is coordinated by 11 oxygen
atoms, and the coordination polyhedron of copper is a distor-
ted tetragonal pyramid, CuQs, as presented in Figure 2. The
local symmetry of copper in Y,BaCuOj; is very similar with
that of C,, copper in superconducting YBa,Cu,0;., phase.

Therefore, the experimental results of magnetic susceptibi-
lity and electronic spectroscopy on the superconducting 123
phase could be influenced by the existence of impurity phase,
Y,BaCuO;.

X-band ESR experiments have been carried out on
Y,BaCuOs from 10 K to room temperature. Figure 3 shows
the ESR spectrum with <g >=2.13 at room temperature,
and the signal can be attributed to localized Cu®* states. This
result is consistent with that of Kojima ef @1.5, that is, the fol-
lowing relation can be deduced from the van Vleck equation
on paramagnetism, < g?>=(g ”2 +2g f)/ 3, and the calcula-
ted < g > value using the g-values obtained by Kojim ef al. is
2.12 where g, and g, correspond to 2.24 and 2.06 respec-
tively. What is noticeable on the ESR spectrum is the pos-
sibility that similar signal can be observed from YBa,Cu30,,,
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Figure 4. Temperature dependent ESR spectra for Y2BaCuOs.
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Figure 5. Temperature dependence of molar magnetic susceptibili-
ty Xm (a), inverse X, (b), and effective magnetic moment g (c) of
YzB&CUOs.

the 90-K superconductor, because of the similarity of the
local symmetry of paramagnetic copper ion. As shown in
Figure 4, the signal becomes broad and the line width in-
creases as the temperature decreases. Namely line width of
700 Gauss at room temperature increases gradually to 800
Gauss at 150 K, and up to 1000 Gauss at 10 K. Such a tem-
perature dependent broadening effect could be explained by
the enhancement of the spin-spin interaction between neigh-
boring paramagnetic Cu®* ions due to the considerable lat-
tice contraction at the extremely low temperature, which
causes the shorter Cu?*—Cu?* distance actually.

Magnetic susceptibility of Y,BaCuQOjs has been measured
from 77 to 300 K, and correction for diamagnetic contribu-
tions was performed. Temperature dependence of molar
magnetic susceptibility (Figure 5) shows that Y,BaCuOg
obeys the Curie-Weiss law down to 77 K with the effective
magnetic moment of 2.29 BM resulting from the localized
3d? electrons in Cu" ions, which is not consistent with the
magnetic moment of 1.3 BM due to the formation of mixed
valency of Y,BaCu?}Cu, O, reported by Kojima et al5,
but with that of 2.1 BM by Michel and Raveau.® The Curie
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Figure 6. Optical reflectance spectrum for Y,BaCuOs.

constant C,, and Weiss constant § obtained from the least
square fit of X ' =(T-8)/Cm have heen estimated as 0.660
emu-K/mole and -76 K, respectively. In general the observ-
ed effective magnetic moment of Cu®* is in the range of
1.7-2.2 BM due to a considerable orbital contribution.

Optical reflectance spectrum of Y,BaCuQOs (Figure 6)
shows a broad band at 680 nm with a low energy shoulder at
850 nm. From the crystal field energy levels for d-orbitals in
square pyramidal {C4y) symmetry of Cu(Il)?, the band max-
imum at 680 nm can be assigned as the dxy —= dx®y? elec-
tronic transition and the shoulder at 850 nm as the dz® - dx*
y?. Most of the five coordinate copper (1I) complexes have
been studied and it was revealed that such ligands as halides
and oxygen can introduce the complication of a possible
n-bonding function for the donor atom® and lead to difficul-
ties in correlating the stereochemistry and electronic proper-
ties*!! of the five coordinate copper (I1) ion. But generally
regular trigonal bipyramidal copper (1) complexes have
peaks extending from 950 to 660 nm and greater absorption
intensity to lower energy, and the square pyramidal copper
(I) complexes have a similar band envelope with peaks ex-
tending from 1000 to 580 nm but with the greater intensity
absorption to higher energy'®. Optical reflectance spectrum
of Y,BaCuO; shows a high energy maximum and confirms
that local symmetry of copper (II) in Y,BaCuOs is a distorted
square pyramid. As the energy difference between the dx*y?
and dxy in square pyramidal symmetry of Cu (I) is 10 Dq, we
can approximate 10 Dq of Cu (II) in distorted square pyramid
to 680 nm, namely 14,700 cm™.

One more notice for Y,BaCuO5 compared with YBa,Cu,
O7.,is the water stability of Y,BaCuOs. The superconducting
YBa,Cuz0; ,phase, which is unstable in water and water va-
por ¥ decomposes to Y(CO3)3-3H;0, BaCO,, and CuO*.
But the powder sample of Y,BaCuO; treated with water
more than 7 days did not degraded. Therefore we can con-
firm that Y;BaCuOj; found in degradation condition of YBa,
Cuj0; 4 is not the decomposition product of YBa,Cuy0,, but
the impurity phase remained in YBa,Cu,0,,.
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The polycrystalline powder of (BaLa{MgMo)Og has been prepared at 1350 °C in a nitrogen flowing atmosphere. The powder
X-ray diffraction pattern indicates that (BaLa}MgMo)Og has a cubic perovskite structure {a, = 8.019%(3) A)with 1:1 ordering
or Mg2+ and Mo5+ in the oxide lattice. The infrared spectrum shows two strong absorption bands with their maxima at
600(v3) and 365 (v4) cm ~ 1, which are attributed to 2T y modes of molybdenum octahedra MoQgin the crystal lattice, Accord-
ing to the magnetic susceptibility measurement, the compound shows a paramagnetic behavior which follows the Curie-
Weiss law below room temperature with the effective magnetic moment 1.60(1) x5, which is consistent with that of spin only
value (1.73 up) for Mo3+ (4d! electronic configuration). From the thermogravimetric and X-ray diffraction analyses, it has
been found that (BaLa)MgMo)Og decomposes gradually into BaMoQ,4, MoQ3 and unidentified phases above 900 °C in an am-
bient atmosphere, absorbing about 0.25 mole O, per mole of Mo ion, which also supports that oxidation state of Mo5* in the

(BaLa)}MgMo)Og.

Introduction

In perovskite type compounds as A,BB’)O, and (AA)
(BB")Os, the A and A’ cations are coordinated with twelve ox-
ygen ions and B and B’ cations with six. It is well known that
an ordered distribution of B and B’ ions along (111) planes is
most probable when a large difference exists in either their
charges or ionic radii.! Figure 1 shows the arrangement of ions
in the (100) plane of the cubic perovskite lattice for (AAY)
(BB)O4 type compounds, where B and B’ cations are alter-
natively arranged between oxygen ions. Holes denoted by * in
Figure 1 are randomyl occupied by A and A’ cations. In the
ordered structure oxygen atoms are slightly shifted toward
the more highly charged cation, but the octahedral symmetry
of the B and B’ cations is retained. Many compounds are
known to have such an ordered structure on the octahedral
sublattice (B-site), while few compounds? have been found to
have a crvstallographic ordered structure on the twelve-

coordinated cation sublattice (A-site).

Sleight and Weiher® reported the valency pairs (M,Re)
(M =Mn,Fe,Co and Ni) in the ordered perovskites Ba,
(MRe)Og, where they confirmed the valency state from the
structural point of view rather than from physical characte-
rizations.

When A cation is divalent and A’ trivalent in (AA’)
(BB O, the valency pair (B,B’) should be one of three possi-
ble pairs (1+,6+), (2+,5+) and (3+,4+) by the charge neu-
trality condition.

The ordered perovskite structure were reported for all
the compounds with the formula of (CaLaXB(IDB(V))Os,
where (B(I), B(V)) = (Mg?* Mo®*)*, (Mg?*, Ru®*), (Mg?*,
Ir®?), (Ca®*, Ta®*), (Mn?*, Mo®*) and (Mn?*, Ta’*), while
random distribution was observed for the valency pair
(BUID), B(IV)) = (Mn®*, Ti**).%7

In the present study an attention was paid to the forma-
tion of ordered valency pair of (Mg?*, Mo®*) in the complex



