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Abstract:

The formation of perovskite deuteride CaRhDx by two deuteration pathways with intermediate cubic CaRh2Dx or hexagonal CaRh2Dx
will be followed by in situ neutron powder diffraction in a user supplied sapphire single-crystal cell at deuterium pressures up to 50 bar
and temperatures up to 723 K. Rietveld analysis of diffraction data will allow the location of deuterium positions in the deuterides and
the mapping of the complete reaction pathway of deuterium uptake and release.
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Several hydrides of intermetallic compounds in the system Ca-Rh are known [1,2]. Decreasing the Ca:Rh ratio from 2
(K2PtClg type in Ca,RhHs) towards 1 results in an increasing connectedness of RhHg octahedra [2]. However, the ratio of
1 was not be achieved yet, i. e. solid-state synthesis of the perovskite CaRhHj starting from calcium hydride and rhodium
was not successful [2]. An alternative access to this hydride was found by hydrogenation of the cubic Laves phase CaRh;
[3]. In situ thermal analysis (DSC) and powder X-ray diffraction indicated intermediates during this reaction. In order to
locate hydrogen in the crystal structures, CaRhy was deuterated 7z sitn and neutron diffraction data were collected at the
diffractometer D20.

The neutron experiment was executed in a sapphire single crystal cell. Vacuum was applied at the beginning (Figure 1). The
deuterium gas pressure was slowly increased up to several kPa. During this process, the unit cell volume of the cubic Laves
phase expands by 0.25% (asre = 7.5245(6) A, a> = 7.5308(12) A). This is a strong indication of deuterium absorption and
the formed compound is referred to as a-CaRhz2Dx. A new hydride phase started to form under 20 kPa deuterium pressure.
The unit cell of this f-phase could by indexed as orthorhombic (Prma, a = 6.0028(3) A, b = 5.6065(3) A, ¢ = 8.1589(5) A).
The crystal structure of f-CaRhzD305( is related to the cubic Laves phase (Figures 2 and 3, Table 1). Possible deuterium
sites are [Rhy], [CaRhs] and [CazRh;| tetrahedral voids. The deuterium positions were determined by alternating refinement
of deuterium positions or occupation, and subsequent Fourier analyses. Deuterium was found to occupy [CazRhy]
tetrahedral voids and distorted [Cas;Rhy] trigonal bipyramids (combination of two [CazRhy] tetrahedra). A further increase
in deuterium pressure up to 5 MPa does not have any influence in deuterium content. To check the reversibility of this
reaction vacuum was applied and the cubic Laves phase was formed back, though, a third intermediate, p-CaRh2D320(10),
was formed during dedeuteration. This p-phase is isotypic to the f-phase but contains less deuterium noticeable by
decreased lattice parameters (« = 5.9601(10) A, b = 5.4912(2) A, ¢ = 8.0730(11) A) [3].
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Figure 1: In situ neutron powder diffraction data of the deuteration of CaRh; taken on diffractometer D20 at
A =1.8676(3) A in a single crystal sapphire cell under various deuterium pressures and temperature conditions. Intensities
are in false colors.
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Figure 2: Rietveld refinement and crystal structure of f-CaRhyDsoss (D20, ILL, Grenoble, Aneuwons = 1.8676(3) A,
R, = 0.037, y* = 7.51, 0.1 MPa deuterium gas pressure, T = 296(1) K).
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Figure 3: Crystal structures of hydtides in the Ca-Rh-system with coordination polyhedra of metal atoms (bottom). From
left to right: a-CaRhyHx (filled Laves phase), f-CaRhoHy (orthorhombic superstructure of the Laves phase), CaRhHy
(perovskite type).

In the next step the sample was heated by a laser up to 500 K under applied vacuum The subsequent deuteration was
performed under almost isothermal conditions (T'= 530(30) K). Again a-CaRh,Dx and f-CaRh;Dy were formed, before
the decomposition to the perovskite hydride CaRhDy and rhodium took place. Crystal structure refinement yields a
composition of CaRhD2 g3 (Figure 4 and Table 2). Deuterium is located between two rhodium atoms forming RhHg
octahedra (Figure 3, right). The deuterium content of the perovskite hydride is almost constant. Two different rthodium
phases are observed at the end of the experiment. Rhodium as secondary phase from the synthesis of CaRh; and nano-
crystalline rhodium formed by decomposition of CaRhoHy. The crystallite size is estimated to be below 1.8 nm by the
Scherrer equation (determined on (111) reflection).
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Figure 4: Rietveld refinement and crystal structure of CaRhD2 930y and nano-crystalline thodium (D20, ILL, Grenoble,
Ancutrons = 1.8676(3) A, R, = 0.036, y* = 6.50, 0.1 MPa deuterium gas pressure, T = 306(2) K).
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