
Journal of Alloys and Compounds 404–406 (2005) 60–63

Electronic and crystallographic properties of the system CeY2Ni9Dx

(0 ≤ x ≤ 8.7) measured by X-ray absorption spectroscopy
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Abstract

The electronic and crystallographic properties of CeY2Ni9Dx (0 ≤ x ≤ 8.7D/f.u.) have been investigated by X-ray absorption spectroscopy
(XAS). The PuNi3-type structure (space groupR3̄m) is described as a stacking of RM2 and RM5 units (R: Y, Ce; M: Ni). Hydrogen occupies
the RM2 units only. The Ce-LIII and Ni–K edges have been measured by XAS as a function of hydrogen uptake. A heterogeneous mixed
valence state is reported for Ce in the hydride and related to differences in deuterium site occupancies. Huge anisotropic volume expansion
is observed and is related to hydrogen absorption and valence change of Ce.
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. Introduction

Intermetallic compounds RMn (R = rare earth or transition
etal, M = transition metal,n = 1, 2, 3 or 5) absorb reversibly
nd safely hydrogen near ambient conditions. These com-
ounds are potential materials for energy storage[1–4]. New

nterests are now devoted to RM3-type compounds with the
ecent discovery of ternary systems like RM2Ni9 (M = Mg,
a, Ti or Y)[5–9]. These compounds crystallize in the PuNi3-

ype rhombohedral structure (R3̄m space group)[10] and are
escribed as a stacking of CaCu5-type and MgZn2-type units

11]. For R = Ce, hydrogenation of RM3-type compounds
hows strong anisotropic behavior and CeNi3H3 exhibits a
uge uniaxial expansion (δa/a = −0.80%,δc/c = 30.76%)

12]. The structure of CeNi3D2.7 was described by Yartys
t al.[13] in an orthorhombic symmetry (Pmcn space group)
ith deuterium located in the CeNi2 units. Similarly, the crys-

al structure of CeY2Ni9D7.7 has been determined recently
14]. The intermetallic compound is described like a pseudo-
inary one (Ce0.33Y0.66Ni3 [8]) as Y and Ce atoms are ran-
omly distributed over sites 3a and 6c. The deuteride exhibits
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strong anisotropy (δa/a = −2.0%,δc/c = 27.6%) related to
the exclusive occupation of RM2 units by deuterium and C
atoms in intermediate valence state (IVS)[8,15]. According
to this peculiar behavior, the electronic states of Ce have
investigated by XAS as a function of the hydrogen upta

2. Experimental

CeY2Ni9 was prepared as described in[8]. Powder X-
ray diffraction (XRD) and electron probe micro-analy
(EPMA) were used to check composition and homog
ity. XRD patterns were refined using the program FU
PROF[16]. XAS measurements have been performed at
(LURE, Orsay, France) by transmission mode on the b
lines D44 and D21 in a special tight cell (see[15] for details)
Data have been collected at room temperature on fine po
sieved below 20�m and dispersed on a KaptonTMfoil. Ener-
gies were tuned with a Si monochromator from 5675–5
and 8300–8400 eV at the Ce-LIII and Ni–K edges, respe
tively. The edges were refined by a convolution of Lorentz
Gaussian and arctangent functions according to[17]. The
EXAFS data were analyzed using the method describ
[18,19].
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Fig. 1. Evolution of the LIII edge of cerium (a) and K edge of nickel (b)
for the system CeY2Ni9H2 as a function of the state of charge in the range
0–8.7 H/f.u.

3. Results and discussion

In a previous work[8], the IVS v = 3.36(6) was re-
ported for the compound CeY2Ni9. When loaded with hy-
drogen, significant changes are observed (Fig. 1a). Between
x = 0 and 0.55, two components are clearly visible with
few changes as a function ofx. The first component at
5725 eV belongs to CeIII and the second one at 5734 eV to
CeIV . When reaching the� branch, the CeIV component de-
creases drastically involving a diminution of the IVS down
to v = 3.17(1) forx = 8.7 H/f.u. Little evolution is observed
betweenx = 7.2 and 8.7 H/f.u. and the change occurs mainly
during the�–� transformation (Fig. 2).

The Ni–K edge evolution is shown inFig. 1b for x = 0,
0.55 and 8.1 H/f.u. Few changes are observed in the� branch.
The main feature concerns the decrease of the prepeak in-
tensity around 8333 eV when crossing the two-phase do-
main. Such effect, already observed for LaNi5-type com-
pounds[15,20,21], is attributed to the transition from the
1s core level to the empty 4p states strongly hybridized
with the 3d ones. The prepeak intensity decrease can be
related to the filling of the Ni 4p–3d states by hydrogen
electrons.

Fig. 2. Evolution of the IVS (full circle, left scale) at the LIII edge of Ce for
the system CeY2Ni9H2 as a function of the capacity. The open triangles rep-
resents the equilibrium pressure (right scale) measured at room temperature
for the same sample.

According to our works, the IVS of Ce decreases from
v = 3.37(1) to v = 3.17(1) upon hydrogenation. However,
this decrease is less important than that observed for a
fully hydrogen loaded CeNi5-type compound (v = 3.10)
[15]. This can be understood if one considers that only
RM2 units are hydrogenated here. Then, only Ce atoms ly-
ing in the 6c position change their valence state whereas
those lying on the 3a site remain practically unchanged.
The average composition of the RM2 units is Ce0.31Y0.69Ni2
[8] which corresponds ton6c = 62% (ni: at.% of Ce on
site i). Assuming that the valence of Ce3a is unchanged
(v3a = 3.37), the valence for Ce6c can be estimated as:
v6c = (v − n3av3a)/n6c = 3.05. This value agrees fairly well
with that reported for CeNi2H4 (v = 3.03) [22] at a con-
centration close to that observed here for the RM2 block
(3.94 H/RM2). Such a valence change induces an atomic ra-
dius increase for Ce6c atoms from 1.71 to 1.81̊A. There-
fore, the huge volume increase observed for the RM2 units
(47%) should be decomposed in two parts: hydrogen load-
ing and valence change of Ce. However, despite the ad-
ditional volume effect attributed to the Ce valence change
(about 5%), the whole volume increase remains far above
what is commonly observed in metallic hydrides (around
20–30%). Magnetic measurements are foreseen for a bet-
ter understanding of the electronic states of Ce as a function
of x.
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Correlatively, the RM5 unit volume remains practical
nchanged as there is no hydrogen lying in this unit. Suc
mpty unit does not allow any expansion in the basal plan
olving strong anisotropic elongation of the RM2 unit along
hec-axis. A small contraction of thea parameter is even o
erved. Such negative effect can be understood as a res
f the structure to the huge elongation along the vertical
ulling along thec-axis induces a small reduction in theab
asal plane (Table 1).
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Table 1
Cell parameters and valence state of Ce for CeYNi9D7.7 and for the RM5 and RM2 units

Cell parameters CeYNi9H7.7 RM5 unit RM2 unit

x a c V δa/a δc/c δV/V vCe δc/c δV/V vCe δc/c δV/V vCe

D/f.u. (Å) (Å) (Å3) % % % % % (3a) % % (6c)
0 4.971 24.54 525.1 – – – 3.37 – – 3.37 – – 3.37
7.7 4.872 31.31 643.7 −2.0 27.6 22.6 3.17 1.3 −2.7 3.37 53.1 47.1 3.05

Table 2
EXAFS results at the Ni–K edge at room temperature for CeY2Ni9 and CeY2Ni9H8.1

Ni–K edge N1 d1 (Å) σ1 (Å) N2 d2 (Å) σ2 (Å) χ

CeYNi9 6.67 2.47 0.088 0.67 3.01 0.092 0.0018
CeYNi9H8.1 4.67 2.43 0.094 2.33 2.99 0.139 0.0032

The coordination numbersNi were fixed according to the crystal structure results.χ represents the goodness of fit.

The radial distribution functions (RDF) measured at the
Ni–K edge forx = 0, 0.55 and 8.1 H/f.u. are shown inFig. 3.
The spectra can be simulated considering the distance distri-
butions obtained from the crystallographic structures[8,14].
The main feature of the RDF is seen in the peak located
around 2.4̊A attributed to the first Ni–Ni shells. Increasing
the hydrogen content induces a redistribution of the num-
ber of neighbors and a reduction of the Ni–Ni distances
(Table 2) with a sharp decrease of the intensity. Such be-
havior can be explained again by the partial filling of hy-
drogen within the cell. As the RM5 unit is hydrogen-free,
its volume remains almost constant keeping the same Ni–
Ni distances (or even slightly shorter due to the small vol-
ume reduction of this unit). On the contrary, due to the large
volume expansion of the RM2 unit, the Ni–Ni distances are
expanded along thec-axis but remain unchanged within the
ab plane. Accordingly, the first peak (first Ni neighbors) at
about 2.4Å is not shifted toward larger values but diminishes
in intensity as the number of nearest neighbor decreases.
The same statement can be applied for the second shell
(N2) despite the vanishing of the EXAFS signal for larger
distances.

–K
at

4. Conclusions

The electronic properties of cerium and nickel have been
obtained by XAS. CeY2Ni9Dx is considered as a mixed in-
termediate valence compound since two cerium sites coexist
with two different IVS’s (3.37 and 3.05) in the same com-
pound. This hypothesis is supported by the EXAFS analy-
sis around the Ni atoms. The heterogeneous mixed valence
state is observed here for the first time in a Ce-based metallic
hydride.
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