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The YFe2�HyD1−y�4.2 compounds �y=0,0.64,1� crystallize in the same monoclinic structure with a linear
increase of the cell volume reaching 0.80% between the hydride and the deuteride. These compounds undergo
a first-order magnetovolumic transition from a ferromagnetic to an antiferromagnetic structure, which is related
to an itinerant electron metamagnetism �IEM� transition of one of the Fe sites that is surrounded by about 5 �H,
D� atoms. A large H/D isotope effect is observed on the magnetic properties: the hydride presents a larger
spontaneous magnetization and a 50% higher transition temperature TM0 than the deuteride. This large isotope
effect is attributed to the large cell volume difference between the hydride and the deuteride, which plays a
dominant role due to the strong interplay between magnetic and elastic energy in IEM compounds.
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I. INTRODUCTION

The isotopic exchange of hydrogen �H� by a heavier iso-
tope �D, T� is known to modify the thermodynamic proper-
ties of metal hydride systems, in particular, the enthalpy of
formation and the hydrogen isotope solubility. For example,
in pure Pd the equilibrium pressure decreases with increasing
isotope mass,1 while the opposite effect is observed for in-
termetallic compounds like LaNi5, SmCo5, ZrCo, UZr0.29.

2–5

Several studies have also revealed an isotope effect on the
electronic properties of binary metal hydrides.6 For example,
there is a reverse isotope effect on the critical temperature TC
in superconducting Pd–H and Pd–D with an increase of TC
from 8 to 10 K.6–8 Isotope effects were also observed in
nuclear spin-lattice relaxation rates, changes of impurity re-
sistivity due to hydrogen in Pd, Ta, or rare earth metals.6,9

Such isotope effects on the electronic properties of metal
hydrides have been related to the large amplitude of the zero-
point vibration of hydrogen and the strong influence of the
isotope mass, which gives rise to quantum effects.6,10,11 The
isotope mass has also a significant influence on physical
properties related to the diffusion of the H isotope, like the
magnetic aftereffect that is used to study ferromagnetic met-
als and alloys with a diluted hydrogen content12 or structural
transitions related to vacancy ordering in ZrBe2�H/D�x.

13

It is generally assumed, however, that replacing hydrogen
by deuterium in a ternary metal hydride does not modify
significantly its structural and magnetic properties and
that neutron diffraction results on deuterides can be used
to determine the related hydride properties. It was therefore
rather surprising to observe a very large isotope effect
on the magnetic properties of the YFe2�H,D�4.2 system. In
this system, replacing deuterium by hydrogen leads to a
shift of a steep magnetovolumic transition from 90 to 140 K
�B=1.2 T�, i.e., an increase of nearly 50% of this transition
temperature.14 YFe2D4.2 crystallizes in a cubic structure
above 345 K and undergoes a lowering of crystal symmetry
from cubic to rhombohedral symmetry between 343 and

320 K, then from a rhombohedral to a monoclinic structure
below 320 K due to deuterium order.13 In order to under-
stand the origin of this giant isotope effect on the magnetic
properties, additional results obtained from YFe2�HyD1−y�4.2

�y=0,0.64,1� compounds by x-ray and neutron powder dif-
fraction, differential scanning calorimetry, high magnetic
field magnetization measurements, and 57Fe Mössbauer spec-
troscopy for T�300 K will be presented. The analysis of the
experimental results compared with other systems, showing
a similar magnetic behavior, will indicate that the steep mag-
netovolumic transition can be related to an itinerant electron
metamagnetic transition. Using both experimental and theo-
retical results, we will show that the giant isotope effect can
be mainly attributed to the large volume change observed
between the deuteride and the hydride.

II. EXPERIMENTAL

The preparation and the characterization of single phase
YFe2 and YFe2�H,D�4.2 compounds is described in Ref. 13.
X-ray diffraction �XRD� measurements at 300 K were car-
ried out using a Bruker D8 diffractometer �Cu K� radiation�.
XRD measurements at low temperature were performed on a
Bruker D8 diffractometer �Cu K� radiation� equipped with a
liquid nitrogen flow cryostat for YFe2H4.2 and with a Si-
emens D500 diffractometer �Co K� radiation� equipped with
a helium flow cryostat from Oxford Instruments for
YFe2D4.2. Si or Ge powders were, respectively, used as in-
ternal standards for correcting the instrumental errors. The
neutron powder diffraction �NPD� experiments were per-
formed on YFe2D4.2 and YFe2�D0.36H0.64�4.2 at the LLB
�Saclay� using the G4.1 spectrometer with a wavelength of
2.4266 Å. The samples were contained in a vanadium
sample holder. All the XRD and NPD patterns were refined
with the Rietveld method, using the FULLPROF code.15

Differential Scanning Calorimetry �DSC� was performed
in a TA-Q100 DSC apparatus from TA Instrument. The
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samples were placed in aluminum pans under a flowing pu-
rified argon atmosphere.

The magnetization measurements were performed using a
SQUID magnetometer and a high-magnetic-field magneto-
meter �B�230 kG� at the LCMI �Grenoble�. The 57Fe Möss-
bauer spectra were recorded between 4.2 and 300 K using a
conventional constant acceleration-type spectrometer. The
data were analyzed by superposing a set of discrete Lorent-
zians with equal width. The quadrupole interaction was
treated as a perturbation to the magnetic hyperfine interac-
tion. The isomer shift data are given relative to the source
�Fe�Rh��, the difference to values given relative to �-Fe at
room temperature being −0.12 mm/s.

III. RESULTS

A. X-ray and neutron diffraction

The XRD analysis at 290 K of several YFe2�HyD1−y�4.2

�y=0,0.64,1� samples indicates that all samples crystallize
in the same monoclinic structure described by the C2/m
space group, but with systematic increases of the cell param-
eters a ,b ,c and of the cell volume V vs y, whereas � remains
constant within the error bars �Table I�. This corresponds to a
linear increase of 0.78% of the cell volume, as deuterium is
replaced by hydrogen.

Since the magnetic transition occurs at low temperature,
XRD patterns were measured above and below the transition
for YFe2D4.2 and YFe2H4.2. At temperatures below the tran-
sition, the cell volumes are 252.5�2� Å3 and 254.6�2� Å3 for
the deuteride and the hydride respectively, which corre-
sponds to a difference of 0.83%, not very different from the
one measured at room temperature. The change of volume
at the transition �= �V–V0� /V0, is larger for the deuteride
��=0.53% � than for the hydride ��=0.42% ��.

The evolution of the cell parameters versus temperature
has been also studied by NPD for YFe2D4.2 and
YFe2�H0.64D0.36�4.2. For the pure deuteride, due to the deute-
rium order, the NPD patterns should be refined in a primitive
monoclinic cell with a doubling of the b parameter compared
to the XRD cell.13 For YFe2�H0.64D0.36�4.2, the H/D contribu-
tion is cancelled due to the opposite value of the coherent
scattering length bn of the hydrogen and deuterium atoms
�bn�H�=−3.74 fm and bn�D�=6.67 fm�. Therefore the
YFe2�H0.64D0.36�4.2 NPD patterns could be refined with only
a contribution of the Y and Fe atoms in the same monoclinic
cell than measured by XRD.

The refinement of the nuclear structure of YFe2D4.2 at
290 K is described in detail in Ref. 16. It was possible to
refine the positions and the occupation numbers of the D
atoms in a primitive monoclinic cell �space group P21/a�,
but without doubling the b parameter. In this description the
Y and the three Fe sites occupy similar positions to those in
the C2/m space group, whereas 3.55�5� D atoms are located
in 9 over 12 possible A2B2 sites and 0.55�5� D in 2 over 4
AB3 sites. The description of the cell in a superstructure with
a doubling of the b parameter can be carried out in a mono-
clinic space group P1c with 4 Y sites, 8 Fe sites, 48 A2B2
sites, and 16 AB3 sites. However, this means that the posi-
tions and occupancy factors for the 64 possible D atoms 256
parameters to refine have to be taken into account. Due to the
small intensity of the superstructure lines, they cannot be
resolved with a powder pattern. Nevertheless, the refinement
in the simple monoclinic cell indicates that each Fe site is
surrounded by a different number of deuterium atoms: 3.2�1�
D for Fe1, 4.4�1� D for Fe2, and 5.2�1� D for Fe3. The Fe-D
distances vary from 1.5 to 2.8 Å.

For clarity, in the following part and in the discussion we
will consider the monoclinic unit cell defined by x-ray dif-
fraction, i.e., without doubling the cell parameter along the b
axis, as the “nuclear” cell.

The cell volume variation measured before and after the
magnetovolumic transition by NPD is �=0.53% for
YFe2D4.2 and �=0.50% for YFe2�H0.64D0.36�4.2 �Fig. 1�.

Concerning the magnetic structure, the NPD patterns of
both YFe2D4.2 and YFe2�H0.64D0.36�4.2 can be refined in a
ferromagnetic structure between 1.4 K up to 80 and 100 K,
respectively. The refinement of the NPD pattern of
YFe2�H0.64D0.36�2 indicates a progressive decrease of the Fe
moment from 1.8�1� �B to 1.5�1� �B as the temperature in-
creases from 1.4 to 100 K �Fig. 1�. At the transition tempera-
ture the ferromagnetic line intensities decrease and additional
antiferromagnetic �AF� reflections indexed with a �0,1 /4 ,0�
propagation vector �4b� are observed for both compounds
�Fig. 2�. The intensity of the AF lines decreases until com-
plete disappearance at TN=140 and 160 K for y=0 and 0.64,
respectively �Fig. 1�. To refine the intensity of the AF lines, it
is necessary to consider an AF coupling of the Fe moments
belonging to the first and the third layer �one layer corre-
sponds to the simple monoclinic cell observed by XRD�.
Above TN a disordered state with a short-range magnetic
order is probably present due to the strong background in-
crease at a low angle.

TABLE I. Cell parameters of YFe2�D1−yHy�4.2 refined from the XRD patterns at 290 K. The values in
brackets are the standard deviation on all the measured samples. p represents the cell parameter of the
corresponding column.

y a �Å� b �Å� c �Å� � �°� V �Å3�

0 9.426�7� 5.734�4� 5.508�4� 122.39�4� 251.5�3�
0.64 9.439�7� 5.745�4� 5.517�1� 122.40�6� 252.7�7�
1 9.452�2� 5.751�2� 5.519�1� 122.35�2� 253.5�1�
�pH-pD� / pD�%� 0.26 0.28 0.19 −0.03 0.78
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B. Differential scanning calorimetry

DSC experiments have been performed on YFe2H4.2. The
transition temperature was found to be independent of the
heating/cooling rate ranging from 1 K to 100 K/min. On
heating, the transition temperature was found to be
132±1 K, the hysteresis between heating and cooling being
3 K. The enthalpy of reaction was found to be 0.7�1� J /g.

C. Magnetization measurements

At 4.2 K all the compounds are ferromagnetically or-
dered. The spontaneous magnetization Ms extrapolated at

B=0 increases from 1.86 to 2.06 �B /Fe between the deu-
teride and the hydride �Fig. 3�. For all the YFe2�HyD1−y�4.2

compounds MS is smaller than in YFe2D3.5 �MS=2.15
�B /Fe�.

The magnetic isofields display a sharp decrease of the
magnetization at a critical temperature TM�B ,y� which de-
pends on the applied field and the hydrogen fraction y �Fig.
4�a� for y=1�. On the other hand, the magnetization
isotherms display a field-induced behavior above TM�B ,y�,
as shown in Fig. 4�b� for y=1. A linear variation of the
transition field versus temperature determined at the inflec-
tion point is observed for the three compounds �Fig. 5�.
The extrapolation at B=0 leads to transition temperatures
TM�B=0,y� denoted TM0, in perfect agreement with those
measured by neutron diffraction and DSC experi-
ments. These values of TM0 are 84�2� K for y=0, 112�2� K
for y=0.64 and 131�2� K for y=1.

FIG. 1. Temperature evolution of V �top�, the relative AF
�middle� and F �bottom� line intensities �peaks marked in Fig. 2�
refined from the NPD patterns of YFe2�HyD1−y�4.2 �y=0,0.64�
compounds. The dotted line indicates the positions of TM0 taken at
the inflection point of the curves.

FIG. 2. A comparison of the NPD patterns of YFe2D4.2 at 90 K
and YFe2�H0.64D0.36�4.2 at 120 K.

FIG. 3. Evolution of the mean Fe moment deduced from the
spontaneous magnetization extrapolated at B=0 from magnetic
curves measured up to 230 kG versus the hydrogen fraction y. The
triangle corresponds to YFe2D3.5.

FIG. 4. Magnetization isofields �a� and isotherms �b� for
YFe2H4.2.
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The variation of TM�B ,y�-TM0�y� versus the transition
field is independent of y, as shown in Fig. 6, and can be fitted
with a linear equation,

TM − TM0 = 1.7�7� + 0.71�1� � B , �1�

with B given in kG.
The evolution of the temperature TM0 vs y is also linear

according to

TM0 = 82.6�1� + 47.7�2� � y . �2�

It may be noticed, albeit fortuitoulys, that the ratio of the
transition temperature of the deuteride divided by the slope is
equal to �3.

As the cell volume Vy measured at room temperature �RT�
is proportional to y, a linear variation of the transition tem-
perature T0 vs Vy can be established �Fig. 7�:

TM0 = − 6327�5� + 25.5�2�Vy , �3�

with Vy expressed in Å3.
Room temperature �RT� rather than low-temperature cell

volumes were used to plot TM0= f�Vy�, since Vy at RT were
measured in the same conditions using the same experi-
mental device for all studied samples and should be more
precise. A calculation with the low-temperature cell volume
for y=0 and 1, leads to a slope of �TM0 /�Vy=22.5 K/Å3,
not very different from the RT one.

D. Mössbauer experiments

The Mössbauer spectra of YFe2D4.2 �Ref. 16� and
YFe2H4.2 �Fig. 8� show a similar shape but are shifted versus

temperature, in agreement with the magnetic measurements.
Three different temperature regimes are observed: from
4.2 K to TM0, the Mössbauer patterns can be fitted by super-
posing eight sextets with different hyperfine fields, isomer,
and quadrupole shifts. Thus, it can fairly be supposed that all
the Fe atoms carry a moment. Their hyperfine parameters,
however, are influenced by the different local environment,
particularly the 57Fe hyperfine field.17 Then, above TM0 and
in the temperature range where the AF structure was ob-
served by neutron diffraction, the Mössbauer spectra can be
fitted by a mixture of sextets and doublets, both showing a
wide distribution of hyperfine field and quadrupole shift, re-
spectively.

In the third range, above the Néel temperature TN, the
Mössbauer spectra can be fitted with a superposition of eight
doublets, demonstrating that the compound is already in the
paramagnetic state �Fig. 8, T=170 K�. The observed distri-

FIG. 5. Evolution of the transition field BM versus temperature
for the three YFe2�HyD1−y�4.2 compounds.

FIG. 6. Evolution of the difference between the transition tem-
peratures TM and TM0 versus the applied magnetic field.

FIG. 7. Evolution of the transition temperature TM0 at B=0,
versus the y H fraction �top scale� and the cell volume Vy �bottom
scale�.

FIG. 8. Evolution of the 57Fe Mössbauer spectra of YFe2H4.2 at
selected temperatures.
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bution of quadrupolar splitting and isomer shift can be re-
lated to the H�D� distribution around the different Fe atoms.
The evolution of the hyperfine field which has been mea-
sured for selected temperatures is in agreement with the
magnetization curve, as shown for YFe2H4.2 �Fig. 9�.

IV. DISCUSSION

In this section we will discuss first the origin of the mag-
netovolumic transition, then the isotope effect, and finally the
microscopic models concerning the itinerant electron meta-
magnetism �IEM� in relation to our results.

The origin of the magnetovolumic transition has been al-
ready been discussed in detail in Ref. 16 for YFe2D4.2, but
for the sake of clarity in this paper these results will be
summarized below. The lowering of the crystal symmetry
from the cubic C15 to a monoclinic structure due to the
deuterium order at low temperature leads to a splitting of the

Fe site �96 g in the Fd3̄m space group� in three different Fe
sublattices in the space group C2/m, denoted Fe1�2b�,
Fe2�2c� and Fe3�4e� �Fig. 10�. Because the three Fe sites
have different numbers of D neighbors, their magnetic be-
haviors are not the same. The Fe3 site, which has about 5 D
neighbors, is close to the instability of ferromagnetism, due
to strong Fe–D bonding and the filling of its partial 3d band
by additional D electrons. As a consequence, at TM0 the mo-
ment of the Fe3 is destabilized through an IEM mechanism,
similar to that observed for Co in RCo2 compounds.18–28 The
0.53% volume change observed for YFe2D4.2 at the transi-
tion is close to the one found for HoCo2 �IEM transition at

70 K�.19,20,29 The two remaining Fe1 and Fe2 sublattices still
have an ordered moment, but due to the destabilization of the
Fe3 moment, the direct exchange with the Fe3 atoms disap-
pears. In the monoclinic structure the Fe1 and Fe2 atoms
form chains separated from each other by about 5 Å,
whereas the intrachain Fe–Fe distances is 2.75 Å. This
means that ferromagnetic coupling can be maintained be-
tween the Fe moments belonging to the same chain, whereas
an antiparallel coupling is observed between the chains. The
variation of the sign of the coupling between the Fe moments
might be related to the significant change of Fe–Fe inter-
atomic distances from 2.75 to 5 Å. For example, it has been
already observed in Fe–V or Fe–La superlattices that the
sign of the inter-layer exchange coupling can be tuned from
F to AF order or reversibly by changing the interlayer dis-
tances through H absorption in V or La layers.30,33

The lowering of the crystal symmetry in the monoclinic
structure shows a particular distortion along the b axis: this
parameter increases whereas the a and b parameters decrease
as T decreases, and a doubling of the cell along the b axis is
then necessary to index all the lines of the NPD patterns of
YFe2D4.2 at a low temperature. This particular crystal struc-
ture influences the magnetic order, since the AF cell corre-
sponds to four times the “nuclear” cell along the b axis. The
evolution of the magnetic structure of YFe2D4.2 at B=0 as a
function of temperature can therefore be summarized as fol-
lows: up to 75 K all the Fe atoms have a stable moment and
the direct exchange interaction favors ferromagnetic order-
ing. At 75 K, the Fe3 atoms start to become destabilized and
a progressive spin rearrangement of the Fe1 and Fe2 mo-
ments toward an AF coupling occurs up to 90 K. At 90 K,
which corresponds to the maximum of the AF line, an AF
magnetic coupling between the chains is achieved. Then, the
Fe1 and Fe2 moments are continuously reduced, eventually
vanishing at TN �140 K�. Above 140 K a short-range mag-
netic order remains very probably present. When a sufficient
magnetic field is applied above the transition temperature TM
the Fe3 moments are again stabilized and the ferromagnetic
order becomes more stable than the antiferromagnetic one.

Let us now examine the experimental data concerning the
isotope effect. The x-ray diffraction measurements have
shown that the a, b, and c cell parameters and then the cell
volume Vy all increase from the pure deuteride to the pure
hydride �Table I�. This difference cannot be attributed to a
larger H than D content in the hydride, since the amount of D
or H atoms absorbed in all samples and measured by a volu-
metric method remains very close to 4.2. Larger cell param-
eters for hydrides compared to deuterides have already been
observed for other compounds and is related to quantum ef-
fects: light atoms like hydrogen and its isotopes have a large
amplitude of the zero-point vibration in their condensed
phases. The root mean square amplitude of vibration of the
hydrogen isotope in host metal is sensitive to the mass of
hydrogen isotope and can vary from 0.19 Å for muons
��+ �, 0.25 Å for H, to 0.43 Å for T.6 However, this large
0.8% cell volume difference between YFe2H4.2 and YFe2D4.2
is twice that of 0.4% observed between YMn2H4.2 �Ref. 31�
and YMn2D4.2 �Ref. 32� and the role of secondary effects
could not be eliminated.

The H for D substitution is also characterized by a larger
spontaneous magnetization at 4.2 K, which is 1.86 �B /Fe for

FIG. 9. A comparison of the mean hyperfine field �circles, left
axis� and the isofield magnetization �dots, right axis� at 0.5 kG of
YFe2H4.2.

FIG. 10. Schematic representation of the monoclinic structure of
YFe2�H,D�4.2. The D atoms have not been represented.
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the deuteride and 2.06 �B /Fe for the hydride. Since the Fe3
site is close to the ferromagnetic instability, this difference of
0.2 �B /Fe can be attributed to a lower Fe3 moment in the
deuteride than in the hydride. On YFe2Hx compounds �x=0,
3, 4, and 5�, ab initio band structure calculations have clearly
shown the competition between the cell volume increase that
localizes the 3d band, thus increasing the Fe moments, and
the electronic contribution of the H atoms that reduces the
density of state �DOS� at the Fermi level �EF� and conse-
quently the magnitude of the Fe moment.34 The calculations
performed for YFe2H4, described in an orthorhombic struc-
ture, have confirmed a smaller Fe moment for one of the
three Fe sites due to the difference of H neighbors. Therefore
the larger volume of the hydride compared to the deuteride
may be sufficient in the case where the width of the DOS
strongly varies with the volume to induce a reduction of
0.4 �B on the Fe3 site, which contains 50% of the Fe atoms
in the monoclinic cell. These calculations have also shown
that in YFe2H5 the DOS at EF is strongly reduced and that
the non-spin-polarized configuration becomes more stable
than the spin-polarized one since the Stoner criterium is not
fullfilled. This means that the Fe moments are not stable in
YFe2H5. These theoretical results indicate therefore that the
limit of the ferromagnetic stability in YFe2Hx hydrides is
located between x=4 and 5.

The isotope substitution also strongly influences the mag-
netovolumic transition temperature TM0 that is shifted from
84 to 131 K as y changes from 0 to 1. The NPD, magnetiza-
tion measurements, and Mössbauer experiments all indicate
a reproducible, coherent, and systematic shift of the mag-
netic properties upon H/D substitution: the same type of
magnetovolumic transition from a ferro to an antiferromag-
netic structure �Figs. 1 and 2� and the same �T /�B slope
�Fig. 6�. Here, also, it is worth examining how the difference
of the cell volume can modify the thermal variation of the
magnetic properties. For this purpose, we can compare the
YFe2�H,D�4.2 compounds with other systems presenting an
IEM behavior like the extensively studied RCo2 compounds
that have the same C15 cubic structure as YFe2,18–28 and like
the La�Fe1−xSix�Hy series where the transition temperature
was found very sensitive to the H content.35–40

In YCo2 the metamagnetic transition occurs under 700
kG at 4.2 K.21,22 The substitution of Co by a small amount
of Al in YCo2 allows a field transition decrease
that is related to the cell volume increase according to
�BM /�V=−57 kG/Å3.41–44 In the case of YFe2�D1−yHy�4.2,
combining Eqs. �1� and �3� leads to �BM /�V=−36 kG/Å3. It
is of the same order of magnitude as in Y�Co1−xAlx�2. On the
contrary, a significant decrease of the transition temperature
is observed when applying an external pressure on RCo2
compounds, and therefore reducing the cell volume.45

Cubic La�FexSi1−x�13Hy compounds are promising mag-
netic refrigerant materials due to a large magnetocaloric ef-
fect �MCE� associated with an IEM transition characterized
by a variation of 1% of the cell volume.35,37,39 For
La�Fe0.88Si0.12�13Hy the large MCE and IEM effects are pre-
served upon hydrogenation with an increase of the transition
temperature from 200 to 278 K for an H content y varying
from 0 to 1.1. In these compounds, the variation of the Curie

temperature versus the room temperature cell volume leads
to a variation �TC /�V of 4.4 K/Å3. We can note that this
value is five times smaller than in YFe2�D1−yHy�4.2, where
�TM /�V=25.5 K/Å3. Such a difference is probably related
to the fact that Fe in YFe2�D1−yHy�4.2 is closer to the ferro-
magnetic instability than in La�Fe0.88Si0.12�13Hy compounds.
This assumption is supported, for example, by the evolution
of the Néel temperature versus the Mn–Mn distances mea-
sured in YMn2 under pressure and in the corresponding hy-
drides, clearly showing a steeper increase of TN near the
onset of the Mn moment �dMn–Mn=2.7 Å� than for larger
distances.46

In the above-mentioned compounds as well as in other
systems that we will not describe here, it is clear that an
increase of the cell volume stabilizes ferromagnetism and
lowers either the critical field or the transition temperature.

At the microscopic scale several models have been devel-
oped to describe the IEM specific properties, which was first
predicted by Wohlfarth and Rhodes using Landau’s theory.47

In their approach the IEM is related to a special shape of the
DOS, with a strong positive curvature near the Fermi level
that was attributed to the particular shape of the DOS due to
3d-5d hybridization effects.48 However in this approach, the
volume effects were not considered, although large volume
increases are observed at the transition. Duc et al.49 have
then proposed a new approach to the IEM to show how this
phenomenon results simply from the interplay between mag-
netic and elastic energy in magnetic systems close to the
critical conditions for the appearance of ferromagnetism.

The total energy Etot is found to be a function of � for
different values of the band filling, with and without an ap-
plied field. The Etot��� curves show a second energy mini-
mum, the position of which can be either above or below the
energy of the paramagnetic state ��=0� depending on the
filling of the conduction band, the external field or the ap-
plied pressure. It is noticeable that the shape of these Etot���
curves are quite similar to the variations of the Etot�B� ob-
tained for different applied fields by Wohlfarth and Rhodes.47

In addition, the ab initio band structure calculations on
YFe2Hx compounds have shown that the critical value for the
appearance of ferromagnetism is located between x=4 and 5
and that their magnetic properties result from a competition
between the cell volume increase and the H electron
concentration.34 These calculations also indicate that for
these H concentrations the Fermi level in located in a range
were the DOS decreases steeply as the energy increases �see
Fig. 7 in Ref. 34�. Therefore a small volume variation can be
responsible of a significant change of the DOS at EF.

Considering the observed properties of several materials,
the model developed by Duc et al.49 and the YFe2Hx ab
initio calculations,34 there exists a large presumption that the
strong influence of the H/D isotope substitution observed on
the magnetic properties of the YFe2�H,D�4.2 system is also
related to the large volume difference between the samples.
The transition temperature may also be affected by a differ-
ence of hydrogen and deuterium distribution around the Fe3
atoms, responsible for the IEM transition. It is difficult to
precisely determine whether the H and D atoms occupy ex-
actly the same positions with the same occupancy factors in
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these compounds. NPD experiments have not been per-
formed yet on YFe2H4.2, but due to the large neutron inco-
herent scattering of hydrogen atoms the signal/noise ratio of
the corresponding NPD pattern will be much smaller than in
the deuteride, and it would be even more difficult to solve
fully the structure. Nevertheless, if such an effect exists we
believe that it is rather small compared to the volume effect.
We have synthesized several samples with pure H, pure D, or
a mixture of both, which could show some small variations
of the H or D content. We have concluded that the transition
temperature is not at all sensitive to the sample preparation,
but only to the nature of the isotope. The linearity of TM0
versus the cell volume, would also be difficult to explain
without the important role of the volume. However to get a
better understanding of this large isotope effect and, in par-
ticular, its relation with the cell volume, neutron experiments
under pressure as well as chemical substitutions of Y by rare
earth are now currently under progress.

V. CONCLUSIONS

This work has confirmed the large isotope effect on the
structural and magnetic properties of the YFe2�HyD1−y�4.2

compounds. The H for D substitution leads to a significant
cell volume increase attributed partially to the isotope mass

influence at the zero-point vibration. An increase of the satu-
ration magnetization at 4.2 K and a linear relationship be-
tween the transition temperature TM0 and both y and the cell
volume of the YFe2�HyD1−y�4.2 compounds have been ob-
served upon H for D substitution. This isotope effect on the
magnetic properties has been explained by the volume dif-
ference between the hydride and the deuteride, since volume
effects have a strong influence on the magnetic properties of
IEM compounds. This particular behavior deserves further
experimental and theoretical studies in order to get a better
understanding of the influence of hydrogen on the Fe mo-
ment near the instability of ferromagnetism.
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