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Structural properties of RT3 deuterides synthesized under
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Abstract

Deuterides of ErNi3, CeCo3 and CeNi3 intermetallic compounds are synthesized under deuterium pressures up to 2000 atm and studied by
X-ray powder diffraction under ambient conditions. The deuterides are shown to have the same structures of the metal lattice as the initial
alloys, the deuteration resulting only in the anisotropic lattice expansion. The deuterides of ErNi3 show weaker anisotropy in the lattice
expansion than the deuterides of CeCo3 and CeNi3. The formation of CeNi3D5 at a pressure of about 2000 atm is accompanied by partial
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morphization of the sample. The deuteration induces preferred orientation of the powder particles of each alloy and this orientation
fter thermodesorption of the deuterium.
2005 Published by Elsevier B.V.
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. Introduction

Intermetallic compounds RT3 (where R is the rare-earth
nd T is the transitional element) are able to absorb con-
iderable amounts of hydrogen that makes them promising
aterials for hydrogen storage. Theoretical study[1] has

hown that the maximum hydrogen content of such hydrides
s 5–5.6 atoms per formula unit. Hydrogen atoms partly
ccupy interstitial sites in the lattice of the RT3 compound

hat leads to an increase in the metal volume. The occupancy
f the interstitial sites can be enhanced using high hydrogen
ressure. In the present work, the structure of the metal sub-

attice of RT3 deuterides synthesized under high deuterium
ressures is studied by X-ray diffraction.

. Experimental

The initial intermetallic compounds (IMC) were melted
rom pure components in an electrical furnace under argon
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atmosphere and then annealed in evacuated quartz am
for 240 h. The IMC were loaded with deuterium at press
up to 2000 atm using the apparatus described in[2]. The
obtained high-pressure deuterides were cooled to a l
nitrogen temperature of 77 K and left at air about 40 mi
this temperature for transferring them into inert state.
deuterium content of the inert deuterides was determ
by thermodesorption. X-ray powder diffraction patterns
the deuterides and the starting IMC were measured w
“Rigaku” and “Thermo ARL” diffractometer at room temp
ature using monochromated Cu Kα1 radiation. The data we
analyzed using the Rietveld profile refinement techniqu

3. Results and discussions

The X-ray diffraction patterns of the studied IMC and th
deuterides are shown inFigs. 1–3. The quality of the profil
refinement is illustrated by the difference spectra place
low the corresponding diffraction patterns. The refined va
of the structure parameters are presented inTables 1 and 2.

All starting IMC were single-phase, and the values
their lattice parameters were in agreement with the resu
925-8388/$ – see front matter © 2005 Published by Elsevier B.V.
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Fig. 1. X-ray powder diffraction patterns of CeCo3, CeCo3D4.0 and
CeCo3D6.0 monochromated Cu Kα1 radiation, room temperature.

Fig. 2. X-ray diffraction patterns of CeNi3, CeNi3D3.3 and CeNi3D5.2.

Table 1
Results of the X-ray diffraction investigation of IMC and their deuterides at room temperature

Composition Structure type Lattice parameters �V/x (Å3/atom H) Conditions of synthesis

a (Å) c (Å) V (Å3) �V/V (%)a P (atm) T (K)

CeNi3 CeNi3 4.964(2) 16.53(3) 353 – – −− –
CeNi3D3.3 CeNi3 4.950(3) 21.79(3) 462 30.9 5.5 5 293
CeNi3D5.2 CeNi3 4.968(3) 22.69(3) 485 37.4 4.2 1990 293
CeCo3 PuNi3 4.990(2) 24.94(3) 538 – – −− –
CeCo3D4.0 PuNi3 4.936(3) 32.45(3) 684 27.1 4.1 5 293
CeCo3D6.0 PuNi3 4.980(1) 32.65(2) 701 30.3 3.0 1950 293
ErNi3 PuNi3 4.943(2) 24.28(3) 514 – – −− –
ErNi3D4.0 PuNi3 5.332(3) 26.92(2) 661 28.6 4.1 5 223
ErNi3D5.0 PuNi3 5.344(2) 26.95(1) 667 29.8 3.4 1980 293

a �V = V (x) − V (0), wherex is the H-to-metal atomic ratio.



S.A. Lushnikov et al. / Journal of Alloys and Compounds 404–406 (2005) 103–106 105

Fig. 3. X-ray diffraction patterns of ErNi3, ErN3D4.0 and ErN3D5.0.

literature[3]. The lattice parameters of the deuterides varied
depending on the deuterium concentration that increased
with increasing pressure of synthesis.

According to [4,5], the metal lattice of CeNi3D3.3 is
anisotropically expanded along theZ axis. The formation of
CeNi3D2.8 is accompanied with an orthorhombic distortion
of the lattice that lowers its symmetry to thePmnc (62) space
group[5]. Deuterium atoms are located within RT2 units of
the metal matrix.

The X-ray pattern of our CeNi3D3.3 sample can be indexed
on the basis of a hexagonal CeNi3 type structure with an
increasedc parameter. A comparison of the X-ray patterns of
CeNi3D3.3 and CeNi3 shows differences in the intensity of the
peaks due to the rearrangement of atoms in the metal matrix
(Table 2). In the X-ray pattern of the CeNi3D5.2 deuteride
with a higher deuterium concentration (Fig. 2), there is a halo

Table 2
Results of a profile refinement of the crystal structures of the IMC and
deuterides listed inTable 1

Composition Atom coordinates

Ce2(z) Ni4(x,y,z)

CeNi3 0.041(1) 0.833(1), 0.667(1), 0.127(2)
CeNi3D3.3 0.062(4) 0.829(2), 0.658(2), 0.144(7)
CeNi3D5.2 0.059(5) 0.827(3), 0.654(3), 0.135(8)
Composition Atom coordinates

Ce2(z) Co2(z) Co3(x,y,z)

CeCo3 0.143(1) 0.333(2) 0.167(1),−0.167(1), 0.417(2)
CeCo3D4.0 0.124(5) 0.333(6) 0.167(2),−0.167(3), 0.403(5)
CeCo3D6.0 0.125(6) 0.337(7) 0.167(2),−0.167(2), 0.401(6)
Composition Atom coordinates

Er2(z) Ni2(z) Ni3(x,y,z)

ErNi3 0.141(1) 0.330(2) 0.167(1),−0.167(1), 0.416(2)
ErNi3D4.0 0.138(3) 0.327(4) 0.167(2),−0.167(2), 0.415(3)
ErNi3D5.0 0.136(4) 0.329(7) 0.167(2),−0.167(2), 0.415(5)

indicating a partial amorphization of the metal lattice. The
intensities of the diffraction peaks of CeNi3D5.2 are changed
in comparison with CeNi3D3.3 and the lattice parameters of
CeNi3D5.2 are slightly increased (Fig. 4).

According to[4], the formation of CeCo3D4.0 is accom-
panied with an anisotropic (�c > �a) lattice expansion. Hy-
drogenation of some RCo3 compounds[6] led to an isotropic
expansion and small orthorhombic distortion of the metal
matrix. Our experiments revealed changes in the intensity of
X-ray reflections from CeCo3D4.0 caused by the displace-
ments of both Ce and Co atoms along theZ axis (Table 2).
The CeCo3D6.0 deuteride synthesized under a higher pres-
sure had an expanded lattice of the initial CeCo3 compound.
In comparison with CeCo3D4.0, botha andc lattice param-
eters of CeCo3D6.0 were slightly increased and the peaks
intensities were changed.

The ErNi3D4.0 and ErNi3D5.0 deuterides showed a nearly
isotropic expansion of the lattice and smaller changes in the
intensity of the diffraction peaks mostly caused by the dis-
placements of Er atoms along theZ axis (Table 2). This in-
dicates that under a high deuterium pressure, ErNi3D5.0 is
formed from ErNi3D4.0 as a more concentrated solid solu-
tion.

F d
b

ig. 4. The X-ray diffraction pattern of a textured CeCo3 sample obtaine
y thermodesorption of CeCo3D4.0.



106 S.A. Lushnikov et al. / Journal of Alloys and Compounds 404–406 (2005) 103–106

The thermodesorption of deuterium brought all high-
pressure deuterides except CeNi3D5.2 back into the initial
IMC, while the outgassed sample of CeNi3D5.2 remained
partly “amorphous” (fine-crystalline). The powder samples
of IMC produced by thermodesorption of the deuterides were
composed of flat particles that had a strong texture and could
be oriented by magnetic field. Peaks of the (0 0�) type had
maximum intensities in the X-ray patterns of these powders.

4. Conclusions

The synthesized deuterides show different changes in the
crystal structure as a function of the deuterium concentration.

The deuterides with low concentrations of deuterium
formed in the CeCo3–D2 and CeNi3–D2 systems at a pres-
sure of 5 atm demonstrate an anisotropic lattice expansion
along theZ axis due to the rearrangement of atoms in the
metal matrix.

The transition from ErNi3D4.0 to ErNi3D5.0 occurring in
the ErNi3–D2 system at a higher deuterium pressure is char-
acterized by a smaller anisotropy in the lattice expansion and
can be considered as a gradual increase in the concentration of
a continuous solid solution. The transition from CeCo3D4.0
to CeCo3D6.0 also proceeds smoothly and is accompanied by
an increase in botha andc lattice parameter. A halo observed
i
p

The intensity of (0 0�) diffraction peaks drastically in-
creases in the X-ray patterns of powder IMC samples formed
after thermodesorption of the high-pressure deuterides. The
effect can be attributed to the anisotropic lattice expansion
and weakening of bonds between the slabs of metal atoms
along theZ axis. The texture significantly distorts the diffrac-
tion spectra and this fact should be taken into account when
the structures of IMC–H2 phases are analyzed.

Acknowledgment

This work was supported by the Russian Foundation for
Basic Research under Grant Nos. 03-03-33023 and 03-02-
17387.

References

[1] V.A. Yartys, Koordinats. Khim. 18 (1992) 401 (in Russian).
[2] S.N. Klaymkin, V.N. Verbetsky, J. Alloys Compd. 194 (1993) 41–

45.
[3] K. Teylor, Intermetallic Compounds of Rare-Earth Elements, Mir,

Moscow, 1974, p. 137.
[4] R.H. van Essen, K.H.J. Bushow, J. Less-Common Met. 70 (1980) 189–

198.
[5] V.A. Yartys, O. Isnard, A.B. Riabov, L.G. Akselrud, J. Alloys Compd.

hi,
n the X-ray diffraction pattern of the CeNi3D5.2 deuteride
oints to its partial amorphization.
356–357 (2003) 109–113.
[6] M.I. Bartashevich, A.N. Pirogov, V.I. Voronin, T. Goto, M. Yamaguc

I. Yamamoto, J. Alloys Compd. 231 (1995) 104–107.


	Structural properties of RT3 deuterides synthesized under high pressure of deuterium
	Introduction
	Experimental
	Results and discussions
	Conclusions
	Acknowledgment
	References


