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The magnetic properties of EsNi,Al and Er,Ni,AlH 5 3 have been studied in the temperature range 2-300.K
Er,NiAl is an antiferromagnet with Ty =5 K, as indicated by a pronounced maximum in théemperature
dependence of the magnetic susceptibility in magrietfields below 1 T. In the paramagnetic region, th
susceptibility is described by the Curie-Weiss lawyielding an effective moment of 9.69g{Er and 6, = -14 K.
The field dependence of the magnetization in the dered state exhibits a metamagnetic transition araud 2 T
with a relatively wide hysteresis. The hydride EsNi,AlH 53 does not show any magnetic ordering above
T =2K. The Curie-Weiss law fit of the magnetic su=ptibility curve yields the values 9.63 g/Er and
0, =-10 K. The magnetic behavior of both EMNiAl and Er,Ni,AlHs; is supported by the shape of the
temperature dependence of the heat capacity curve3he upturn in C/T vs. T for Er,Ni,AlH 53 which is
suppressed by an applied magnetic field, is suggas of magnetic ordering at still lower temperatures. The
dramatic suppression of Er—Er exchange interactiongthe size of the Er moments is generally stablepn be
understood as a consequence of H bonding, which necks the concentration of conduction electrons.

Intermetallic / Hydride / Magnetic properties / Heat capacity

Introduction diagram of NéNi,Sn, which contains four different
magnetically ordered phasgs.

The intermetallic compound i Al crystallizes with It was recently found that compounds crystallizing

the orthorhombic WACoB, structure type (Pearson  with the W,CoB, structure type are able to absorb

symbolol10, space groupnmn) [1], which is typical large amounts of hydrogen7]. Al-containing

for a number oR,T,M compounds, wherR is a rare- compounds absorb H already at extremely low

earth metalT is Ni or Co, andM is Al, Ga, or Srj2]. hydrogen pressures (of the order of magnitude of

The magnetic properties of Ji,Al and other related millibars), forming hydrides with H concentrations

aluminides have so far only been studied above the approaching &/f.u. The hydrogenation of EMi,Al
temperature of liquid nitrogeril]. The reported (a=4.1499b = 5.3654,c = 8.2487 AV = 183.66 &)
paramagnetic behavior of the magnetic suscepyibilit results in a strongly anisotropic lattice expansion
of ErNi,Al was described by the Curie-Weiss law to the composition ENibAIHs; (a=3.841,
with an effective moment ofi.s = 9.94ug/Er and b=6.383,c=9.106 A, V=223.3 8, Aa/a=-7.4%,
paramagnetic Curie temperaturé, =23 K. The Ab/b = 18.9%, Ac/c=10.5%, AV/V =21.6%) and
authors claimed the existence of an induced magneti considerable shifts of the Ni atoms (Wyckoff pamiti
moment on the Ni atoms, besides the regular 4h (0y,Y%2),y = 0.2368 for EMNi,Al andy = 0.3036 for
4f-magnetism for heavy rare-earths in tRegNi>Al EnNiAlHs2) towards Al atoms @ (0,0,0)).
series. More attention has been paid to the magneti Consequently, the metal substructure of the hydsde
properties of WCoB,-type stannides, which exhibit a  closer to the related RtS structure type.

variety of magnetic phases. f&,Sn was classified as So far the studies of hydrogenation-induced
a magnetically ordered Kondo system with= 4.7K variations of the magnetic properties &,T,M

and T¢~8K, and a commensurate collinear compounds have been focused on compounds
antiferromagnetic structure[3,4]. While moving crystallizing with the MgFeB, structure type[8,9].

further through the rare-earth series, tRgNi,Sn The rare-earth containing compounds absorb up to
compoundsR = Nd, Sm, Gd, Th) exhibit a number of 8 hydrogen atoms per alloy formula unit, and a
sequential magnetic phase transitiori§], the general tendency towards weakening of the
complexity of which is reflected in the magnetiaph magnetism is observed. On the contrary, for the
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uranium compounds, for which the upper limit of
hydrogen content is 2 atoms per formula unit,
hydrogenation results in more pronounced magnetic
properties.

The investigation of the impact of hydrogenation
on the magnetic properties of ,Ni,Al is the first
attempt to expand our knowledge about the
hydrogenation properties oR,T,M compounds to
intermetallics with the WWCoB, structure type. Taking
into account the substantial changes in the irderit
distances and atomic  environment  upon
hydrogenation, a consequent impact on the electroni
properties is expected. The aim of the present work

was to determine the magnetic behavior ofNEAI
at low temperatures and its changes upon
hydrogenation.

Experimental

The intermetallic ENi,Al compound was synthesized
by arc-melting stoichiometric amounts of elemental
metals of purity at least 99.9% under argon
atmosphere. The hydride Ji,AlHs 3 was prepared
by exposing the activated intermetallic compound to
hydrogen gas at a pressure of @& at room
temperature. The stoichiometry of the obtained

fields up to 14 T on randomly oriented fixed powder
Taking into account the decrepitation of the sample
upon hydrogenation, a special treatment was redjuire
to perform the heat capacity studies. FOINEAI the
heat capacity was measured on a bulk piece, thein
case of the hydride, on a pellet obtained by pngssi
the powder. The heat capacity curves were obtained
without external magnetic field and in magnetiddge

up to 6 T, down to the temperatures 2.5 K.

Results

The temperature dependence of the magnetic
susceptibility of ExNi,Al, studied in various magnetic

fields, showed that the compound is an

antiferromagnet with a Néel temperatureTqf= 5K,
which is reflected as a pronounced maximum of the
susceptibility measured in a magnetic field of
poH = 0.5T (Fig. 19. An increase of the applied
magnetic field above T results in the disappearance
of the maximum, and the susceptibility becomes
monotonous. In the paramagnetic region the
susceptibility is described by the Curie-Weiss law,
yielding the effective moment 9.6%/Er and
paramagnetic Curie temperatulg= -14 K. The value

of the effective magnetic moment agrees well whitd t

hydride was determined from the amount of absorbed value of the free Bf ion (9.59 ug). The negative

hydrogen. Phase analysis of the synthesized samplesg,-value

was carried out by X-ray powder diffraction (Bruker
D8 Advance diffractometer, Ggio. radiation, Zrange
10-120°, step 0.02°). Details of the synthesishaf t
hydride and the crystal structures of both the mare
intermetallic and the hydride were reportediih
Quantum Design PPMS equipment was used for

indicates dominating antiferromagnetic
exchange interactions. The field dependence of the
magnetization in the ordered state exhibits a
metamagnetic (spin-flip) transition in the range
1-3T with a relatively wide hysteresis and no
remanent magnetization Fi¢. 2. A second

metamagnetic process starts afl 6and is not

the magnetic studies and heat capacity measurements completed at 14, the maximum field applied here.

Magnetic measurements of ,Bi,Al and its hydride

The moment reached in T4 6.5ug/Er, indicates that

were performed in the temperature range 2-300 K and in any case parallel moment orientation is notedc
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Fig. 1 Temperature dependence of the magnetic suscégtifilEr,Ni,Al (a) and EsNi,AlH 5 3 (b) measured
in a magnetic field ofiyH = 6 T. The solid lines show the Curie-Weiss laiv Tihe insets present the field
dependence of the magnetic susceptibility in thetemperature range.
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Fig. 2 Magnetization curves for BEMiAl and
ErNiAlH5; measured afl =3 K. The inset

shows the magnetization curves obtained at

T=10K.

In addition, the low total moment (the theoretical
moment of Er is 9.Qug) can be attributed to crystal
electric field effects and related anisotropy. This

supported by the fact that even the magnetization of the heat capacityC(T) at T=5.3K (Fig. 3.

measured al = 10 K, i.e. above the magnetic phase
transition, which adopts the shape of the Brillouin
function, does not reach the value of the fully
saturated moment.

On the contrary, the hydride i,AlH s 3 does not
show any magnetic ordering aboVe= 2 K (Fig. 1H.
The upturn of the magnetic susceptibility obserired
a magnetic field ofugH = 0.5T is suppressed by
applying higher fields. The magnetic susceptibility
curve can be described by the Curie-Weiss law,
yielding the values 9.63g/Er andf, = -10 K. As it
can be seen, the hydrogenation practically does not
affect the value of the effective moment on thawrb
atoms and leads to a slightly less negative
paramagnetic Curie temperature, indicating wealkgnin
of the antiferromagnetic exchange interactions. The
magnetization curve measured Bt 3K shows a
tendency to saturation, however, similarly tgNEpAl,
the maximum applied magnetic field of T4is not
enough to reach the value of fully ordered
magnetization for the Efions Fig. 2. At T = 10K,
the slope of the magnetization curve is less steap
abovepgH = 5T the curve practically coincides with
the one measured for the parent intermetallic.

The magnetic phase transition in
ErNi,Al  appears as a pronounced sharp
A-type anomaly in the temperature dependence

10 -
—o— ErNi,Al o " _ —e— 1 H=0
Er Ni Al L s} Er,Ni,Al o W H=15T
® r,NI, 5.3 ?E> 6l
8 3 4}
~
G 2r
< 0
N 0
o 6 3.0
g §2_5 L
- 5 20
=~ E st
O 4 = o0l
G os
2 -
0
0

Fig. 3 Temperature dependence of the heat capacity gflif& and ErNi,AlHs3; measured without
magnetic field. The insets show the temperaturedaégnce of the heat capacity in magnetic fields.
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The relatively low value of the ordering temperatur
prevented us from determining the Sommerfeld
electronic heat capacity coefficient, which is
proportional to the density of electronic stateshet
Fermi level. The application of a magnetic field
consistently shifts the transition to lower temperas,

as expected for an antiferromagnet. No anomaly was
observed on the temperature dependence of the heat
capacity for EsNi,AlHs3 The upturn inC/T vs. T,
which is suppressed by an applied magnetic fiedd, i
suggestive of magnetic ordering at still lower
temperatures.

Discussion

The low-temperature data clearly establish that
ErNi,Al is an antiferromagnet witlTy=5K. The
obtained Curie-Weiss parameters differ somewhat
from those obtained in the early 1980%|. The
metamagnetic transition at 1¥3indicates a change of
the magnetic structure in relatively low fields.

In terms of crystal structure modifications, the
hydrogenation leads to changes in the closest
environment of the Er atoms. In the parent
intermetallic the shortest Er—Er distance (3.32i4\)
found along thec-axis for pairs of atoms forming
edges of the trigonal prisms surrounding the nickel
atoms (marked a8l onFig.4). Such Er—Er pairs are
separated by a distance equal to the lattice paeame
(62 = 4.15 A), which is considerably larger than the
distanced3 (3.47 A). Due to the strongly anisotropic
lattice expansion occurring during the hydrogematio
the difference between the Er—Er distances is reghov
in the hydride: the distan@d increases up to 3.75 A,
while due to the lattice contraction in thedirection,
the distance2 becomes 3.84 A. The distans8 is
3.81 A, which results in a practically regular iige
of Er atoms as basis of thesNr tetrahedron, which is
assumed to allocate the hydrogen atoms.

We suspect that the dramatic suppression of Er—Er
exchange interactions in the hydride is mostly a
consequence of hydrogen bonding. Such behavior is
typical for most rare-earth intermetallics charaets
by RKKY interactions[10]. The magnetic coupling
that is achievedvia the conduction electrons is
strongly reduced because of the decrease of the
conduction electron concentration due to the hyeinog
uptake.

Conclusions

ErNi,Al, crystallizing with the orthorhombic YZoB,
structure type, opens a new series BfT,M
compounds studied from the point of view of H
absorption. As it is typical for puref &ystems, the
magnetic interactions are weakened after hydrogen
absorption. While ENi,Al is an antiferromagnet with

Ty =5K, its hydride ENi,AlHs; does not order
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magnetically down tdl = 2 K. The shape of the heat
capacity curve indicates magnetic order at stilvdo
temperatures. The most likely reason for the
weakening of the magnetic interaction is the reidact
of conducting electrons due to hydrogen bonding.
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Fig. 4 Representation of the unit cell of
ErNi,Al  and EpNi,AlHs; The Er-Er
distances labeledll, 62 andd3 are discussed in
the text.
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