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ABSTRACT

A set of hydrostatic pressure cells was specially developed in order to be applied in X-ray diffraction, X-ray
absorption and neutron diffraction experiments. For the experiments where X-rays are used, the pressure cells
are built in a CuBe alloy body with two B,C anvils in order to allow the low absorption of the radiation. The
B,4C anvils were specially prepared in CTA - Centro Técnico Aeroespacial - Sdo José dos Campos - Brazil, in
order to present enhanced X-ray transparency and high hardness. One of the advantage of the CuBe-body cell
with B,C anvil is that it can be also used under magnetic fields, for instance for measurements of AC magnetic
susceptibility under high hydrostatic pressures. The X-ray cells work in transmission mode and present a 2mm
diameter hole for the beam path. The X-ray beam pass through the hole and outgoing to the detector positioned
in front of the pressure cell. A second type of pressure cell was developed in order to be used in neutron elastic
scattering experiments, especially in neutron diffraction experiments. The neutron cell pressure cell was
constructed in Zirconium alloy reinforced with carbon fibers composite in order to improve the mechanical
resistance of his cylindrical geometry. The B,C pressure cells are available to users of the techniques of X-ray
diffraction and absorption in the Brazilian National Synchrotron Laboratory — LNLS, at Campinas City. The
neutron pressure cell is available to users at the neutron powder diffraction facility installed at the Nuclear and
Energy Research Institute — IPEN, Sdo Paulo. In this work will be shown details and drawings of the two types
of hydrostatic pressure cells.



1. INTRODUCTION

Ordered double perovskite oxides, whose general formula is A,B’B’Og, were first proposed
by Longo and Ward [1] in 1961. According to those authors, A is an alkaline-earth divalent
cation, B’ and B”’ are transition-metals and present an octahedral coordination with the anion
O [2]. This type of compound exhibits magnetic and electronic properties related to the
strong interplay between structure, charge and spin ordering [3], which is the subject of nano-
spintronic studies. Spintronics is an emerging field of science and technology that will most
likely have a significant impact on the future of all aspects of electronics [4-6]. Moreover,
spintronics is the next step towards the new technology of spin-based quantum computing
and quantum information processing [7-9], voltage controlled spintronic devices for logical
applications [10] and semiconductor devices [11,12].

The early discovery of large low-field room-temperature magnetoresistance in these
compounds (mainly in half-metallic Sr,FeMoOg, described by Kobayashi in 1998 [13])
stimulated interest in the study of the properties of ordered double perovskites, in the context
of their potential application in the field of spin electronics [14-17]. The focus of these
studies was to characterize their magnetic and electronic properties as well as their
crystallographic structures. Among them, the A;MReOs series (namely Re-based ordered
double perovskites), with A = Ba, Sr, Ca and M = Cr, Fe, Mn, shows a wide variety of
magnetic and electronic properties. Concerning the magnetic state, the majority of the
compounds reveal ferromagnetic behavior with the coupling of the divalent magnetic M ion
to Re [18].

The ideal structure of the double perovskites is based on the adapted tolerance factor t of the
single perovskite [19]. In general, for double perovskites ABBO, , the tolerance factor can
be written as

ry+1r,

VA4
2 2 (1)

where ra, rg and rg~ are the ionic radii of the respective ions and rg is the ionic radius of
oxygen. The closer to t=1, the more the structure corresponds to ideal cubic. Therefore,
except in rare cases, one can consider the following rule for the double perovskite family: for

1.05 >t > 1.00 a cubic structure is adopted within the Fm3m space group; for 1.00 >t> 0.97

t=

the most likely structure corresponds to the | 4/m tetragonal space group and if t <0.97 the

compound becomes either monoclinic (P21/ n) or orthorombic [20]. Philipp et al. [18]
reached a similar conclusion by studying the CrW-based series. Lufaso et al. [19] reported
that roughly 70% of all ordered double perovskites undergo octahedral tilting distortions. By
considering 11 possible distinct types of octahedral tilting, it was shown that five tilted
systems accounted for ~97% of the reported structures. The five dominant tilted systems

reported, namely Fm3m (a*a’a), | 4/m (a°a’c), R3 (aaa), 12/m (a°bb’) and P2,/n @
ab"), as well as two additional tilted systems, Pn3 (@'aa’) and P 4/mnc (a*a°c’), can be
simulated using the SPuDS (Structure Prediction Diagnostic Software) [21].

Several reports like the ones by Philipp et al. [16] and Popov et al. [22] have studied the

correlation between the A-site cation size and the properties of the double perovskites.
Granado et al. [23] have concentrated on the spin-orbital manifestation of Re ion and its
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influence on the electronic properties of the Ca,FeReOg compound. Herrero-Martin et al. [24]
studied the X-ray absorption of the FeRe-base double perovskites series employing the most
recent theoretical calculations in order to explain the magnetic and electronic results. Sikora
et al. [25], employing X-ray magnetic circular dichroism at the Re L,3 edges, observed a
considerable orbital magnetic moment, which implies an unquenched Re orbital moment,
despite its octahedral coordination [26], in the similar series of FeRe-based double
perovskites made by Herrero-Martin [24]. Finally, Serrate et al. [20] published a large topical
review showing the importance of these materials for spintronic devices and that the physics
involved in these compounds is more complex and rich than expected.

This work was proposed by taking into account a scenario which the magnetic and electronics
properties of the Ca;MnReO¢ double perovskite present a strong correlation with structural
order. The main goal was to investigate pressure cell performance observing the behavior of
ReOg¢ under pressure. The knowledge of ReO, octahedral under pressure will be applied as an
important tool to understand its correlation with and crystal structure of the monophasic
compound Ca;MnReOg.

2. EXPERIMENTAL AND RESULTS

2.1. Cell Pressure

The B4C anvil pressure cell described here was designed and built for use in XAS and angle-
dispersive X-ray scattering experiments under hydrostatic pressures up to 1.2 GPa. The first
advantage of the B4C anvil pressure cell is that anvils of sintered B4C yield an X-ray
absorption spectrum free of Bragg peaks, in contrast to spectra taken through diamond anvils.
The second advantage over conventional diamond anvil cells (DACs) is the large
transmission coefficient of incoming X-rays (>60% at 10 keV) and the applicability of the
B4C cell in experiments that require lower pressure (up to 1.0 GPa) compared with the
conventional DAC pressure range. The third advantage is the relatively low costs
(approximately half the price of a DAC) for development and manufacture. The fourth and
main advantage of this home-built B4C anvil pressure cell is that the body of the cell is made
of CuBe alloy to allow magnetic measurements without interference. Using this concept it
was possible to measure AC magnetic susceptibility, X-ray absorption and diffraction using
synchrotron radiation with the same pressure cell. The anvils were made of B4C powder
supplied by Hermamann C. Stark, Inc. (Berlin, Germany) with a specific area of 7.9 kg m™
and pyrolitic carbon as sintering additive.

To improve the transmitted X-ray intensity, the thickness at the center of the anvil was
reduced as follows. A hole of diameter 2 x 10~ m and depth 3 x 10~ m was made on one side
of each B4C anvil using a diamond drill. The anvil was mounted in a CuBe cavity forming a
block, which was used to press the gasket. Its angular exit aperture is approximately 30° 26.
The figure 1 shows a schematic drawing of the B4C anvil pressure cell with the following
details: (a) non-magnetic CuBe cell body, (b) B4C anvil, (c) external coil (AC magnetic field
generator), (d) CuBe gasket and (e) pickup coil. In both B4C anvils the largest (smallest)
diameter is 8 x 10°m (4 x 10~ m). The gasket set-up for X-ray absorption fine structure
(XAFS) measurements had ReO; and a-ReO; inside the hole, while the set-up for diffraction
had only a -ReO,. In both cases there was an O-ring made of HgysRep,Ba,Ca,Cu;0s55 (Hg,
Re-1223) superconductor around the gasket hole wall.
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Figure 1 - Schematic drawing of the pressure cell and gaskets.

Hydrostatic pressure conditions were obtained by filling the CuBe gasket hole (2 x 10™ m in
diameter and 0.45 x 10 m thick) with a mineral oil/n-pentanol mixture (1/1). The inner
pressure was calibrated using a superconducting HgjsReg,Ba,Ca,CuzOgg (Hg,Re-1223)
manometer placed in the gasket cavity and mounted in the inner gasket border, forming a ring
outside the X-ray beam spot (Fig. 1).

2.2 Conventional XAS

The local ReO¢ octahedral oxygen coordination was investigated by extended X-ray
absorption fine structure (EXAFS) using the D04B-XAFS1 beamline [26] for cubic ReO;
(ICDD card #03-065-7483) and monoclinic o-ReO, powdered samples. Ex situ
measurements were recorded three times at the Re Lyj-edge (10.535 keV) in transmission
mode at room temperature and averaged. The monochromator was a channel-cut Si(111) (2d
= 6.271 A) crystal. Energy calibration was carried out using the first inflection point of the
XANES spectrum of Pt (Ly-edge 11.564 keV), Zn (K-edge 9.659 keV) and Ta (Ly-edge
9.881 keV) foils as references.

2.3 EXAFS under pressure.

To verify the pressure performance of the B4C cell, the first compound investigated under
external hydrostatic pressure was Ca;MnReOg powder. The ReOg octahedral present in this
double perovskite is a pressure sensitive system owing to its second-order transition
(compressibility collapse), which occurs at approximately 0.5 GPa [27]. This behavior is
similar to the structure of ReOs, which is Pm3m up to 0.5 GPa [28], and above this pressure
it transforms to Im3, which is stable up to 2.8 GPa. Compression of the low-pressure
Pm_33m phase occurs via compression of Re—O bonds [28]. However the Re—O—Re bond
angle changes at pressures between 0.6 and 2.8 GPa, as observed by [29] in XAS and neutron
diffraction measurements.
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XAS measurements of Ca;MnReOg at ambient pressure and 0.6 and 1.2 GPa were carried out
at the D04B-XAS beamline. To improve the image quality the figure 2 shows the FFT of the
EXAFS spectra for ambient pressure, 0.6 and 1.2 GPa. The FFT of the pressure-dependent
Ca;MnReOyg dispersive EXAFS spectra times k* [y(k)k’] performed at the Re LIIl-edge
(10.535 keV). The full line is the output fit from FEFFITS8 times k* after FFT, using a range
0.2 <k <10.5 A"". The accumulation time for each dispersive XAFS spectrum was 650 ms,
and the final spectrum was taken as an average over 50 accumulations. The beam was
focused to a spot of size 0.3x10™ m x 0.3x10™ m in the center of the O-ring made of (Hg,Re-
1223) superconductor (inner pressure gauge) in which the a-ReO; and ReOs; were mounted.
The Iy (intensity without sample) reference spectrum was obtained using an identical (but
empty) pressure cell mounted beside the first one. For each pressure value the Iy spectrum
was taken at the same time interval.
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Figure 2 - The FFT of the EXAFS spectra for ambient pressure, 0.6 and 1.2 GPa.

The fitting results confirm that the lower symmetry of the rhenium site in the octahedron (out
of the centre) was invariant up to 1.2 GPa. However, the EXAFS spectrum fitting using
single and multiple scattering paths revealed that the 1.2 GPa configuration of ReOg
octahedral in Ca;MnReOg¢ cannot be attributed to a single rotation angle for the ReOg rigid
body among the octahedral. The ReOg octahedral configuration in Ca;MnReOg at 1.2 GPa is
similar to a-ReO, [30] and indicates a reduction of the Re2-Rel(i) distance.

3. CONCLUSIONS

The analysis of the EXAFS signal under external hydrostatic pressure indicated there is no
change in the Re-O average distance in ReOg phase present in Ca,MnReOg. However, the
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external pressure on the ReOg octahedral configuration in CaMnReOg up to 1.2 GPa
indicated a reduction of the Re2-Rel(i) distance and, as a consequence, of the plane
undulation. This behaviour was attributed to a new ReOg octahedral configuration in
Ca,MnReOg without changing the ReOg distorted local symmetry (lower than Dgy). Other
investigations are underway to clarify this question.

The new B4C anvil cell with a Cu—Be body built for this study showed good performance for
synchrotron radiation absorption studies at pressures up to 1.2 GPa, exhibiting
reproducibility, simplicity of operation and low construction costs. For X-ray diffraction
experiments it will be necessary to improve the portion of the diffraction pattern accessed in
pressure-dependent measurements, taking into account the energy limitation (16 keV) of the
LNLS.
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