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Structural and magnetic properties of the complex perovskite oxide BaHoHfO 5
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The complex cubic perovskite oxide BtoHfOs 5 in the Ho-Ba-Hf-O rare-earth based oxide system has
been prepared by a solid-state reaction process. Powder x-ray-diffraction studies showtduifBg 5 has an
A,BB’Ogz complex cubic perovskite structure. The x-ray-diffraction spectrum of single-phastoBEO; 5
consists of strong peaks characteristics of a primitive cABO; perovskite plus a few weak reflection lines
arising from the superlattice. The presence of significant intensities of superstructure reflections in the x-ray
spectrum of BgHoHfO5 5 acts as a signature for an ordered complex cubic perovskite oxide. Based on the
doubling of primitive ABO; cubic perovskite unit cells, the lattice parameter ofHBaHfOs 5 calculated from
the experimental x-ray diffraction i®=8.316 A. The real part of the ac magnetic susceptibility of
Ba,HoHfOs 5, measured in the temperature range 5 to 300 K shows a Curie-Weiss behavior. Using a Curie-
Weiss law fitting we obtain an effective magnetic moment pe?*Hmn in BaHoHfO; 5 of 9.33ug. This
value is approximately 10% less than the spin-only moment (1Q;b@xpected for an isolated Ho ion.
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I. INTRODUCTION process. Stoichiometric ratio of high purity constituent
chemicals(purity 99.99% Ho,O3, BaCG;, and HfG, were
Because of their varied structure and composition, perovthoroughly mixed in an agate mortar and the mixed powder
skite materials have attracted intense research interest ipas dried fo 6 h at atemperature of 200 °C. Dried powder
many applied and fundamental areas of solid-state scienegas compacted as a circular digtiameter of 10 mm and
and advanced materials research. Earlier works in 1950, anflickness of 1-2 minand calcined at a temperature of
the 1960's° identified a large group of materials which 1100 °C for 40 h in ambient atmosphere. The calcined ma-
have basic perovskite structure or a small distortion of thaterja| was cooled down slowly to room temperature and
structure. These complex perovskite oxides generally havﬁgain finely powdered using an agate mortar. Finally, ground

the formulaA,BB’Og or AsB,B’O, and result from the or-  caicined powder was compacted at a pressure of 5 tdn/cm
dering of B and B’ cations on the octahedral sites of the in the form of a circular disc and sintered at 1200 °C for

basic perovskite unit cell. Due to the increased complexny % arious durations of timé40—60 B in ambient atmosphere.

the unit cell, a large variety of such materials are possmlel_ . .
' - . : he sintered materials were slowly cooled down to room
and hence a more continuous progression of lattice param- y

eters can be produced. In recent years, complex perc)Vski{gmperature. At all stages of the calcination and sintering the

oxides have been investigated as possible substrate materiQ@cessed material was examined by powder x-ray diffrac-
for films of high-T, superconductor&;® which are based on 10N (XRD). The XRD spectra were recorded at room tem-

perovskite structure. The increased flexibility in the latticePerature by a Siemens D-5000 x-ray diffractometer using Cu
parameter constant of complex cubic perovskite oxides enf radiation (. =1.5406 A). Magnetic properties of the
able a better match of the substrate lattice parameter to thBeHOHfOs s were investigated in the temperature range 5—
of the highT, superconductor film. In view of these consid- 300 K by measuring the ac magnetic susceptibility in zero dc
erations, in the course of our research program on the devel-
opment of new substrates for high-superconductors, we
have synthesized a rare-earth complex perovskite oxide
Ba,HoHfO5 5, in the rare-earth-based Ho-Ba-Hf-O oxide
system using a solid-state synthesis process. As detailed
structural knowledge such as crystal structure and super-
structural ordering phenomenon in such complex cubic per-
ovskite oxides is important for understanding the electronic
behavior as well as to evaluate their potential candidature as
a substrate material for high; superconductor films, we
have carried out a structural study of B@HfOs 5 using
powder x-ray diffractionXRD). We, have also studied mag-
netic properties of this material by measuring the ac mag-

netic susceptibility in the temperature range 5-300 K. —t T Y
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Il. EXPERIMENTAL DETAILS 26 (degrees)

Holmium barium hafnate B&loHfOs s in the Ho-Ba- FIG. 1. X-ray spectrum of B#loHfOs5, (a) sintered at
Hf-O system was synthesized using a solid-state reactio@200 °C for 40 h andb) sintered at 1200 °C for 60 h.
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s FIG. 2. X-ray-diffraction spectra of single-
%‘ phase BgHoHfO; 5 with t=2.5 seg and step
8 0.01.
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applied magnetic field, at a frequency of 31 Hz and with an The presence of the superstructure reflection lifidsl)
ac field amplitude of 3 Oe, using a Quantum Designand(311) in the XRD spectrum of BadoHfOs 5 is the sig-
(MPMS-59 superconducting quantum interference devicenature of an ordered complex cubic perovskite structure. In a

(SQUID) magnetometer. substitutional solid solutioBB’, there is a random arrange-
ment of B andB’ on equivalent lattice positions in the crystal
IIl. RESULTS AND DISCUSSION structure. It upon sutable heat treatment, the random solid

solution rearranges into a structure in whiglandB' occupy

A powder x-ray-diffraction spectrum of BHoHfO; 5 sin-  the same set of positions but in a regular way, such a struc-
tered at 1200 °C for 40 h and 1200 °C for 60 h are shown irure is described as superstructure. In the superstructure, the
Figs. 1@ and Xb), respectively. The XRD spectra of positions occupied b andB’ are no longer equivalent and
Ba,HoHfO; 5 sintered at 1200 °C for 40 h shows a predomi-this feature is exhibited in the XRD spectrum of the material
nant cubic perovskite phase and we were able to obtaiBy the presence of superstructure reflection Iffes.
single-phase B#loHfOs 5 with complex cubic perovskite For a double cubic perovskite of the formutgBB’ Og
structure only by sintering at 1200 °C for 60 h. The XRD the intensity, in particular of thél11) superstructure reflec-
spectra of single-phase B#oHfOs 5 for 26 between 5 and tjon, is proportional to the difference in scattering power of
100 degrees, taken at a slow scanning time of 2.5 sec ie B andB’ atoms, when all the atoms are situated in the
shown in Fig. 2. It consists of strong peaks which are charideal positiont! A disordered arrangement d& and B’
acteristics of a primitive cubic perovskite plus a few weakshould result in zero intensity. Therefore Hoand Hf'*
line reflections arising from the superlattice. No evidence forcation ordering in BgHoHfOs 5 in B and B’ positions is
a distortion from the cubic symmetry is observed in the XRDclearly distinguished by the presence of the significant inten-
spectrum. The basic perovskite compositioMBO;, where sty of (111) and (311) superstructural reflection lines.
A is a large ion suitable to the 12-coordinated cube- Based on above discussion we have now indexed the

octahedral sites an& is a smaller ion suitable to the 6- XRD peaks of BaHoHfOs s as an ordered complex cubic
coordinated octahedral site. Complex perovskite with mixed

species on a sitgarticularly theB site) may be represented

. . . ) TABLE I. X-ray-diffraction data of BaHoHfO5 5.
by multiples of this formula unit and a larger unit cell, e.g., y 8HoHfOss

A,BB’Og, A3B,B' Oy, etc! Thus in the BagHoHfOs s com- 54 d(A) 1, hk/
position, Ba with the largest ionic radiuél.34 A) occupies

position A, Ho** (ionic radius 0.894 A and Hf* (ionic  21.702 4.0916 6.42 111
radius 0.78 A cations occupy th®& andB’ positions in the ~ 24.420 3.6421 9.73 200
B site due to their smaller ionic radii compared to that of the30.648 2.9147 100.00 220
Ba®" cation. Due to the ordering @& andB’ on the octa- 34.231 2.6174 4.55 311
hedral site of theABO; unit cell there is a doubling in the 43.701 2.0696 31.26 400
lattice parameter of the basic cubic perovskite unit cell.48.981 1.8581 6.00 420
Thus, the whole XRD pattern of BdoHfOg 5 can be in- 54.078 1.6944 30.64 422
dexed in aA,BB’Og cubic cell with the cell edg@a=2a,  63.259 1.4688 11.18 440
wherea, is the cell lattice of the cubic perovskite. The XRD 71.715 1.3150 15.32 620
spectrum of BgHoHfOs 5 is similar to A,BB' Og-type com-  79.693 1.2022 4.76 444
plex cubic perovskite oxides, e.g., YB¢O;, ErBaShQ;, 87.511 1.1138 13.87 642
DyBa,NbOg, etc., reported in the JCPDS file, as judged bygs g78 1.0441 4.10 800

the similarity ind spacings and intensity ratios.
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TABLE II. Curie-Weiss parameters for Fdn Ba,HoHfOx s,
determined from the magnetic ac susceptibility measurements.

C (emu K/mo) 0p(K) Xo (emu/mo) et B)

9.33

10.848 —-3.781 7.3% 1073

o

constanta., of Ba,HoHfO5 5, which is 2.98% smaller than
the experimental valu@,,,=8.316 A. Similar differences
have been observed in experimental and theoretical values of
lattice parameter in some othé,BB' Oy type perovskite
oxides such as YB&IbO; and DyBaSbhQ;. Taking into ac-
count the doubling of the basic perovskite unit cell, the com-
plex cubic perovskite crystalline structure of BwHfOs 5 is
represented in Fig. 3.

Though BaHoHfO5 5 hasA,BB’ Og structure, taking into
account the valence of"4for Hf, the chemical formula of
this compound is written as BdoHfO5 5 according to the
chemical reaction

A

o \@‘\(
o
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FIG. 3. Crystal structure diagram of B4oHfOy 5.

perovskite withA,BB’Og crystal structure. XRD data of
Ba,HoHfO; 5 obtained from the XRD spectrum are tabulated
in Table I. The lattice parameter of B4oHfOs 5, calculated In Fig. 4 we show the temperature dependence of the real
from the experimental XRD data &;,,~8.316 A. part of the ac magnetic susceptibility for BoHfOs; 5 mea-

For A,BB’ Oz materials, based on the ionic radii as givensured in zero dc applied magnetic field, at a frequency of 31
in Shannon and Prewlttand using a hard sphere approxi- Hz and with an ac field amplitude of 3 Oe. The magnetic

2BaCQy+ 0.5H0,0;+ HfO,— HoBa,HfOs s+ CO,. (4)

mation, an average value of the lattice paramatgrcan be
calculated theoretically, using the relations

ap=2(Ra+Ro) X (2719, 1)
aB:RB+RB/+2Ro, (2)

and
aca=(apt+ap)/2, ©)

whereR,, Rg, Rg/, andRg are the ionic radii ofA, B, B’
cations, respectively, and anion oxyger, and ag are the
calculated lattice parameter, basedf®andB cations,a. is
the average calculated lattice parameter. Using relafibrs

(3), we obtained an average value of 8.075 A for the lattice
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susceptibility of BaHoHfOs 5 agrees well with the Curie
Weiss law

®)

where C is the Curie constanfC=N(uex)?/3kg], N is
Avogadro’s numberu is the effective magnetic moment
(mef= Pefitr), Pe IS the effective Bohr magnetonug)
number,kg is the Boltzmann constany, is the paramag-
netic Curie temperature, andy, is the temperature-
independent susceptibility term.

The magnetic parameters for Hoin Ba,HoHfOs 5, es-
timated from the Curie-Weiss lawEg. (5)] are given in
Table 1l. The value of the constant susceptibility texmis

X=Xxo+CI(T—6)),

T T T T T T

(x-x,) (mollemu)

% = 7.38x10° (emu/mol)
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FIG. 5. (x—xo) ' versus temperature curve for BoHfOx 5

FIG. 4. Real part of the ac magnetic susceptibility versus temwith xo=7.38x10 2 emu/mol. The solid curve shows a fitted

perature curve for BoHfOg 5.

Curie-Weiss line.
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7.38x10 2 emu/mol which may arise from the Van Vleck ide system. X-ray diffraction studies show that it has a com-
paramagnetic contribution. plex cubic perovskite structure. Significant presence of su-

Figure 5 shows the reciprocal of the real part of the adoerstructure reflectiond11) and(311) in the XRD spectrum
magnetic susceptibility— xo) ~* as a function of tempera- 0f BaHoHfOs 5 reveal that it is an orderedl,B,B’'Os com-
ture with (yo=7.38x10 2 emu/mol). The Curie Constant plex cubic perovskite material with lattice constaat
C, estimated from the solid line in Fig. 5 €=10.848 =8316 A, calculated from the experimental x-ray-
emu K/mol, and the effective magnetic moment per Hol-diffraction data. ac magnetic susceptibility of BHfOs s,
mium ion calculated from this constant is 983which is  measured in the temperature range 5-300 K, exhibits a
approximately 10% less than the spin-only momentCurie-Weiss behavior. The effective magnetic moment of
(10.6Qug) expected for an isolated 6 ion. One possible HO> ion in BaHOHfO5 59.33ug is approximately 10% less
explanation for the discrepancy between the observed ari#ian the spin-only moment (10.6@) expected for an iso-
theoretical values is the crystal field effects which screen théated HS™ ion.
effective moment of the magnetic ion.
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