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The stability of binary intermetallic Laves phase YFe, and its hydride YFe,H, (x = 0-5) are studied using
first-principles calculation. Accompanied with the analysis of the hydrogen binding energy and the for-
mation enthalpy in various interstitial sites in YFe,H,, a transition of the stability from cubic to
orthorhombic phase is found when hydrogen concentration increases to 1.5H/f.u. It is found that the

hydrogen binding energy is very sensitive to the magnetic property of neighboring atoms. To get a further
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insight of the transition, we take into account external strains, as well as chemical substitution at Y site. It
turns out that the transition point can be tuned by strain and chemical bonding.
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1. Introduction

Laves phases are the largest group of intermetallic compounds,
and have attracted great attentions, since Laves firstly showed us
the highlights of the characteristics of this intermetallic family
[1]. They are popular candidates in industrial production, espe-
cially in hydrogen energy industry, due to their unique structural,
mechanical and magnetic properties [2-10]. Some particular Laves
phases have high hydrogen-absorption/desorption kinetics, and
considerable hydrogen storage capacity thanks to the many inter-
stitial sites for the insertion of hydrogen [1], allowing them to be
competitive hydrogen storage materials.

In spite of all these advantages Laves phases have in hydrogen
storage aspect, the structural instability still places them in a
dilemma about their industrial application. Laves phase AB, may
have the structure of C15 cubic, C14 hexagonal or C36 dihexagonal
type, depending on the stacking types of layers of A and B atoms
[2]. The energy differences of these three types can be very small
due to the close structural relation [11]. Hence, two or even three
polytypes of a particular pure Laves phase can be found coexisting
or transforming from one to another without much difficulty,
let alone the alloy cases. Take YFe,, a typical ferromagnetic Laves
phase, as an example. It is known to have C15 cubic structure at
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normal pressure and temperature, and may transform to the
hexagonal type within a high pressure [12]. Once alloyed with
some particular intermetallic compounds, say YAl,, another C15
Laves phase, the crystal could also transform from the previous
C15 cubic type to C14 hexagonal one, then back to the cubic
structure, along with the addition of YAl, content [13-21]. When
hydrogen is introduced, the lattice distortion-induced transition
is reported to be more diverse and no longer limited to the cubic
or hexagonal phase. Depending on the preparation conditions
and the hydrogen storage amount, the cubic YFe, may transform
into variant crystal structures after the absorption of hydrogen.
YFe,H; 75 is found to be cubic, while YFe,H;, and YFe,H;gq are
reported to be tetragonal by V. Paul-boncour and co-workers
[22]. YFe;H, 4 was found to be rhombohedral by Kanematsu [23],
who also reported YFe,H, to be orthorhombic [24], which, how-
ever, had been reported to be cubic by Buschow et al. earlier
[25]. YFe;H, 6 is found to be cubic though there is local distortion
[26]. YFe;Hs 5 is reported to be monoclinic [27]. For YFe,Hy 5, along
with the increase of the temperature, a progressive transformation
from monoclinic to rhombohedral and then cubic has been
observed [28,29]. The saturated YFe,Hs is reported to have the
structure of orthorhombic [30,31]. With all these different hydride
phases reported by different research groups, controversies still
remain about the structural stability. For a better application of
YFe, as hydrogen storage material technically, we have to deal
with this stability problem.
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It would surely provide more complete information to investi-
gate the transition with as many phases as possible considered
for the overall H content range. However, there are a large amount
of possible phases found experimentally for YFe, hydrides, like
rhombohedral, tetragonal, and monoclinic. Besides, the configura-
tion may also transform between phases along with the change
of temperature. In addition, even for one specific phase, there
may be structures with different space groups. Therefore, an inves-
tigation on the H-eliminated cubic and H-saturated orthorhombic
phases of YFe,H, with variation of hydrogen concentration would
present a qualitative picture of the stability transition with feasible
computational efforts.

In this work, we investigate YFe,H, in pristine cubic phase and
orthorhombic phase using first-principles calculations. It is found
that the stability transition takes place around x=1.5, and the
hydrogen binding energy strongly depends on the magnetism of
nearby host atoms. Our investigation with external pressure and
chemical substitution reveals that the transition point is clearly
associated with the strain and chemical bonding of the component
elements.

2. Computational details

The calculations are performed based on first-principles density
functional theory, as implemented in the Vienna ab initio Simula-
tion Package [32,33]. With the use of projector-augmented wave
potentials [34,35], the exchange-correlation interactions are simu-
lated by the generalized gradient approximation using Perdew-
Burke-Ernzerhof scheme [36]. The energy cutoff for the plane-
wave basis set is 450 eV, except for the strain case. Hydrostatic
pressure is adopted to simulate the external strain with a larger
energy cutoff of 500 eV to guarantee the precision for the distor-
tion between cubic and orthorhombic phases. The Monkhorst-
Pack k-point meshes of 7 x 7 x 7 and 9 x 9 x 7 are used for the
cubic and orthorhombic YFe,H,, the adopted distorted phase,
respectively. For the structural optimization, all the structures in
our calculations are fully relaxed until the change in the energy
between two ionic steps is smaller than 1 meV.

Our analysis about the stability comparison of the two phases is
mostly based on calculations of the binding energy and the forma-
tion enthalpy.

The binding energy of hydrogen is calculated by the equation

Epinding = 1/X(Eg,1, — Eas,) — En, /2,

where Epg,n, is the energy of the hydride AB,H,, Eap, the energy of
the Laves phase AB,, and Ey, the energy of hydrogen molecule.
The formation enthalpy is calculated by the equation

AHformation = EAB2HX - E',itllk - ZEEUH( - X,u]-h (])

where E2* and EX* are the energy of A and B element in bulk
phases, respectively, and the chemical potential of hydrogen u,, is
given respect to the H, molecule, i.e., py = fy, /2 + Auy.

3. Structure of YFe, and YFe,H,

The C15 Laves phase compound YFe; has a space group of Fd-3m
with 8 yttrium atoms and 16 iron atoms locating at 8a and 16d
Wyckoff site respectively in its conventional cubic cell, as shown
in Fig. 1. In this unit cell, there are three types of tetrahedral
interstitial sites for the insertion of hydrogen, namely A;B,, A;B3
and B4, with the number of 96, 32 and 8, respectively. A;B, tetra-
hedral site is also named as 96 g Wyckoff site, where H atom is sur-
rounded by 2 A atoms (here Y) and 2B atoms (here Fe). In the A;B3
site (or 32e site), H is surrounded by 1 A and 3B atoms. As for the By

site (or 8b site), H is at a regular tetrahedron with 4B atoms in the
corners. Despite a totally 17 tetrahedral sites per YFe, formula, the
experimentally reported hydrogen storage capacity of YFe, turns
out to an extent of 5H/f.u. [37], probably due to the Switendick cri-
terion [38], which states that the distance between H atoms should
be no less than 2.1 A. In this work, the hydrides YFe,H, is investi-
gated with x ranging from 0 to 5.

To simulate the hydrides YFe,H, within the C15 structure,
hydrogen atoms are inserted successively into the conventional
cubic cell of YFe, until the system is saturated with H atoms. To
determine the preferential absorption sites, we set the all three
individual interstitials as well as the mixed cases as functions of
the concentration of hydrogen for per YFe, formula. Taking Switen-
dick criterion into account, we distribute these foreign atoms in a
way to maximize their distance in order to minimize the repulsive
interaction between them.

For the orthorhombic phase YFe,Hs [31], it crystallizes in the
Pmn21 space group with lattice constants of a=5.437A,
b=5.850A, and c=8.083 A (Fig. 1). Before the dehydrogenation
calculation, the magnetic property of YFe;Hs needs to be deter-
mined first. The stability comparison calculation between the para-
magnetic and ferromagnetic orthorhombic YFe,Hs shows that the
paramagnetic YFe,Hs is more stable, in agreement with the previ-
ous results. The orthorhombic YFe,Hs contains two kinds of
inserted hydrogen, A;B, and A;Bs, with the hydrogen amount of
4/f.u. and 1/f.u., respectively. As opposed to the above cubic case
where hydrogen atoms are added to the pristine C15 YFe,, we will
remove the hydrogen atoms progressively from YFe,Hs until the
system is free of them.

4. YFe,Hy in cubic phase

We first focus on the hydrides YFe,H, within the pristine C15
structure, and study about the stabilities as hydrogen inserts into
three different interstitial sites. The calculated binding energy of
hydrogen is shown in Fig. 2. Note that the quantities of these three
kinds of sites are different from each other, so while the numbers
of hydrogen atoms inserted into A,B, and A;B3 can reach as much
as 5 and 4, respectively for every YFe, formula, the capacity limited
to By sites is only 1 per YFe,.

One may notice that the calculated binding energy is always
negative, meaning a spontaneous absorption of H for the overall
H content in H-rich condition. Especially, at x = 0.5, the H binding
for B4 case is the strongest (0.5 eV/H), avoiding the possibility of
phase separation from it. The calculated zero-point energy of H
at B, site is less than 0.2 eV, which hardly destabilizes the
configuration.

Meanwhile, many previous experimental researches have
observed that in the YFe, system, the most favorable interstitial
site for hydrogen is always A;B,, and B, site absorbs least or even
no hydrogen atom, which is mostly ascribed to the largest inter-
space of A;B, site and the smallest of B, [28,31,39]. From Fig. 2,
however, we find that the most stable site among all the three var-
ies along with the hydrogen concentration. At the initial stage of
the hydrogen absorption process, B, is surprisingly found to be
the most stable one, and A,B, ranks the third; once the concentra-
tion of hydrogen reaches 0.75/f.u., A;Bs replaces B, to become the
most favorable one; the trend changes again after 1.5H/f.u. are
introduced, and only from then on does A,B, become the most
stable interstitial site.

We notice that all these variations of stability take place before
H concentration of 1.5/f.u. Interestingly, the YFe, hydride with the
lowest H content was reported to be YFe,H;, experimentally. As
we have considered the impact of zero-point energy and magnetic
configuration (see below in this section), it leaves an open question
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(a)

(b)

Fig. 1. Crystal structures of the cubic (a) and orthorhombic (b) phases of YFe,H,. Large spheres represent Y atoms, while brassy and pink ones for Fe and H, respectively. (For
interpretation of the references to colour in this figure legend, the reader is referred to the web version of this article.)
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Fig. 2. Binding energy of hydrogen atom (eV/H) as a function of hydrogen
concentration. The configuration of mixed A,B,, A;Bs, and B, are denoted by the
green asterisk. The insert figure shows the corresponding trend for the non-
polarized situation. (For interpretation of the references to colour in this figure
legend, the reader is referred to the web version of this article.)

whether YFe,H, exists for x less than 1.2, or what factor is missing
in the conventional theoretical approach for this specific system.
From the theoretical point of view, once inserted into YFe,,
hydrogen atoms attend to capture electrons from the metal atoms.
By analyzing the charge transfer using Bader charge analysis, and
bond length dge.y and dy.y for the A;B, case, we find that H cap-
tures more electrons from Fe, and is closer to Fe (1.63 A) than
Y (2.16 A), both meaning a stronger bonding between H and Fe.
As listed in Table 1, H atoms in B4 sites obtain most electrons,
combined with most electrons offered from Fe. Therefore, it is

supposed that H with larger electronegativity tends to capture
electrons once inserted into the system while it is easier for Fe than
Y to donate electrons to H, and thus B4 with more Fe can provide
most electrons to H atoms.

In the above discussion, all hydrogen atoms are inserted
restrictedly into single kind of interstitial sites for each hydride
system, which may seem to be isolated from experiment. In order
to fully take into account the situation, we also consider the cases
with mixed kinds of interstitial (Fig. 2). By comparing the mixed
interstitial sites with the above cases, we can conclude that for
YFe,H, restricted in cubic phase, B, is the most stable site to absorb
hydrogen if only small amount of hydrogen is inserted; the follow-
ing increasing hydrogen atoms lead to the mixed sites being the
most stable; and A,B, sites undoubtedly absorb most hydrogen
atoms for high hydrogen concentration system.

The volume of the system is also shown in Fig. 3, from which we
can find that the stability and the volume of hydrogen inserted sys-
tems are strongly associated. Hydrides with B4, mixed case, and
A,B, have the largest volume in turn along with the addition of
H, which is exactly corresponding to the most energetically favored
configurations. Their dominant regions also in general correspond,
except for the range x = 0.5-1, where system of B4 having the lar-
gest volume shows a dramatic decrease of its stability.

YFe, is a typical ferromagnetic Laves phase, with the magnetic
moment M = 3.26p/f.u. according to our calculation. With the
hydrogen inserted into three different interstitial sites, its hydrides
show different magnetic properties. As shown in Fig. 4, B4 and
especially A;B3 have generally declining magnetic moments with
the addition of hydrogen apart from the very beginning stage,
where all three show a slight increment. The moment of A;B,
has a trend of increase in a large range of region, then decreasing
after more than 4H/f.u. are inserted.

Such a distinction may be associated with the stability
differences of different interstitial sites discussed above. In order

Table 1
Charge transfer of Fe and H atoms in YFe,H, compared to pristine YFe,.
Charge transfer YFe;Ho 125 YFe,Ho s YFe,Ho s YFe,Ho 75 YFe,H;
Fe AsB, —-0.022 —0.048 —-0.101 —-0.155 -0.210
AqBs -0.025 —-0.054 -0.110 -0.159 -0.220
Bs -0.029 —-0.061 -0.128 -0.186 —-0.276
H A;B; 0.511 0.526 0.525 0.533 0.540
A1Bs 0.530 0.533 0.540 0.508 0.515
Ba 0.574 0.580 0.608 0.569 0.614
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Fig. 3. Volume of YFe,H, with hydrogen in different interstitial sites as a function of
hydrogen concentration. The insert figure shows the same relation for the non-
polarized situation.

to figure out how much the magnetization counts to the properties
of different sites, we consider the non-polarized case, comparing
the binding energy as well as the volume to those of polarized sys-
tem, as shown in the insert figures in Fig. 2 and Fig. 3, respectively.
For the non-polarized YFe,H,, there is hardly any difference in the
volumes of the three sites (c.f. insert of Fig. 3). Once the polariza-
tion is taken into consideration, hydrides of all interstitial sites
expand, and the expansion seems to be proportional to the inten-
sity of polarization. YFe,H, of A,B, having a largest magnetic
moment of all time contains a largest volume, especially in the
H-rich region, while the volume expansion of A;Bs system that
owns a smaller moment is not so obvious. The polarization also
takes responsibility for the relative stability of the three. When
non-polarized, the relative stability does not change of all H con-
centration, and A;B3 keeps being the most favorable one. Then
the coming large magnetic moment enables A,B, to be more com-
petitive and finally become the most stable interstitial site. As for
B, in the range of x = 0.5-1, for both polarized and non-polarized
cases, hydrides of By still has a drastic increase of binding energy
while showing a largest size of volume. Therefore, as discussed
above, this instability of B, configuration around x = 0.5-1 is not
supposed to be directly related to the magnetization, but may be
due to chemical bonding between the hydrogen and the metal
atoms Fe and Y.

One may notice from Fig. 3 that the volume along with the H
content obeys the Vegard’s Law well in the absence of spin polar-
ization (insert figure), which however results in a deviation once
taking magnetization into account, especially in the high H concen-
tration range for both A;B, (x >4) and A;B; (x >2) cases. We notice
that the magnetization changes remarkably in that high H concen-
tration range, as shown in Fig. 4. We take YFe,H,, YFe,Hs and YFe,-
Hs as examples and discuss how magnetization leads the system to
this deviation from the Vegard’s Law.

The projected density of states (PDOS) of Fe-d orbitals is shown
in Fig. 5. For YFe,Hj, both A;B, and A;Bs configurations are under a
considerable magnetization, and show similar PDOS. After addi-
tional 1/f.u. hydrogen is inserted, however, the magnetization of
A,B; clearly enhances, while the A;B; one shows a drastic decrease.
For A;Bs a large part of d,. . and d.. levels of the majority-spin
channel turn to be unoccupied, and more d,,, dy, and d,, levels
are occupied in the minority-spin channel. Such re-distribution
of the d levels leads to the decrease of the Fe magnetic moment.
As for A,B,, the magnetic moment of Fe also decreases when
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Fig. 4. Total magnetic moment of YFe,H, as a function of hydrogen concentration.

hydrogen concentration x goes up to 5, after the moment reaches
maximum around x = 3. In low x ranges, we can see that the occu-
pation of d levels changes little and thus the magnetization. When
at high H concentration, the PDOS peak of the minority spin chan-
nel moves downwards and is more occupied by electrons, resulting
into the decrease of Fe-moment.

The bond length change in response to spin polarization is also
discussed here. The bond length between Fe and its nearest H is
examined for both spin polarization and non-polarization cases
for YFe,H,, YFe,Hs and YFe,Hs. For hydrides of A,B,, the bond
length dpey; is 1.65 (1.61) A and 1.69 (1.65) A for polarized (non-
polarized) YFe,H; and YFe,Hs, respectively, implying that the mag-
netization results into an expansion of the system. For YFe,Hs,
where magnetization has greatly decreased, things have changed.
Based on different surrounding, there are two kinds of Fe sites, site
1 with fewer H neighbors still showing a certain magnetization
(2.2 ug), and site 2 with much more H neighbors obtaining Fe-
moments of only 1.1 pp in the polarized case. This tendency is in
agreement with the earlier reports [37]. For Fe in site 1, the pres-
ence of polarization does lengthen dr..; from 1.63 A to 1.70 A.
However, for Fe in site 2, the bond length dre.y of 1.64 A keeps
almost unchanged. Similar situation is also found in A;Bs, as in
YFe,H, there is obvious extension of dre.y by the introduction of
spin polarization, and in YFe,Hs there is negligible extension for
the sites with much smaller Fe-moments.

Therefore, we can conclude that spin polarization can cause vol-
ume expansion of the hydrides YFe,H,. As more and more H atoms
are inserted, however, hydrides of both interstitials tend to show a
weakening of the magnetization. The volume expansion effect
would gradually vanish along with the moment reduction, which
leads to a deviation from the previous trend.

To reveal the size effects of different interstitial sites due to the
insertion of hydrogen, we conduct the structural optimization
again, but this time with all cells keeping their original sizes and
shapes, and compare the results to those obtained from the origi-
nal full optimization. According to Fig. 6, we can find that the size
effects of different interstitial sites show similar variation trend in
general. Along with the increase of H concentration, every newly
added H atom induces a larger size effect, independent of the inter-
stitial site types, since the energy difference of the y axis in Fig. 6 is
already averaged to every hydrogen atom. Specially, B4 is mostly
affected by the size effect, and that of A;B3 seems to be slightly less
related to the volume expansion. Such differences are exactly
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corresponding to the volume expansion of different interstitial site
shown in Fig. 3. It is reasonable as a larger expansion of the volume
corresponds to a larger size effect of the inserted H atom.

5. Stability comparison between the cubic and orthorhombic
phases

It is known that YFe; is energetically stable at cubic structure,
while it prefers to orthorhombic phase when H-saturated. To figure
out how the addition of hydrogen gives rise to the stability transi-
tion of YFe,H, from cubic to orthorhombic phase, we calculate the
formation enthalpy for both phases as a function of hydrogen
chemical potential. As shown in Fig. 7, under the H-poor condition,
the system can hardly absorb any hydrogen atoms and prefers to

4 T T T T T -
——  cubic
— — — orthorhombic |
3 - ~5 T T~ -

formation enthalpy (eV)

A, (V)

Fig. 7. Formation enthalpy of cubic and orthorhombic phases of YFe,Hy as a
function of hydrogen chemical potential.

stay in the YFe, state. As there comes more hydrogen, YFe,Hgs
becomes a new favorable state. As the environment becomes H-
rich and the system absorbs more hydrogen, YFe,Hgs gradually
transforms to YFe,Hs, combined with the stability transition from
cubic to orthorhombic.

As mentioned above, here in the orthorhombic case, hydrogen
atoms are progressively desorbed from the reported orthorhombic
YFe,Hs to obtain orthorhombic YFe,H, with all different hydrogen
concentration. Of note, YFe,Hs contains hydrogen staying in two
different interstitial sites, A;B, and A;Bs. At the high concentration
region, most hydrogen atoms prefer to stay in A,B, site. However,
after a large portion of hydrogen is desorbed, e.g., when only 1H/f.u.
is left, all these hydrogen atoms would rather stay in A;Bs than in
A,B,, in agreement with the above cubic case. This can confirm the
analysis that the stability of different interstitial sites varies along
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with the concentration of hydrogen. We acknowledge that there is
no observation of YFe,H, for x < 1.2 experimentally, which has so
far not been investigated by first-principle calculations. While
our calculation is not in line with the experiment observations,
we think it has a stimulative effect on further investigation, either
to find a way to improve the theoretical approaches, or to conduct
further experimental work.

6. Tuning the transition of the stability between the two phases

According to the reported results, YFe, easily undergoes a phase
transition with a low hydrogen concentration compared to its
hydrogen capacity. It would be beneficial if we could suppress

the distortion of YFe, while maintaining its high hydrogen
capacity. Here the influences of external strain and metal substitu-
tion on the stability transition between the cubic and orthorhom-
bic phases are discussed.

To have a more direct impression of how the hydrogen concen-
tration induces the stability transition and how the control mea-
sures work, we set formation enthalpy as a function of the
hydrogen amount of per YFe, formula while keeping the hydrogen
chemical potential unchanged.

6.1. External strain

We first investigate the effect of external strain to the stability
transition. Hydrostatic pressure is used here to simulate the
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applied strain, with magnitudes of -10, -5, 0, 5, 10 GPa, where pos-
itive ones mean external compressions and negative for tensile
stresses. The stabilities comparison of the two phases is shown
by the formation enthalpies, and the converted point obtained
from the comparison is regarded as the transition point of the sta-
bility where the structural inclination of the system changes from
cubic to orthorhombic.

A shifting trend of the location of the transition point can be
seen in Fig. 8. For the original one (0 GPa), the transition of the sta-
bility occurs after 1.5H/f.u. are added. Compared with that, the sys-
tem under compression tends to be orthorhombic more easily. A
less amount of hydrogen can give rise to the transition of the sta-
bility, as is shown by the left shift of the transition point. A tensile
stress, on the contrary, seems to help YFe,H, maintain its cubic
structure from the effect of the inserted hydrogen. It leads to the
right shift of the transition point.

The result seems to be unexpected at its first look. We know
that the insertion of hydrogen results in the expansion of YFe,.
Once the expansion is too large for the crystal to maintain its cubic
phase, the distortion happens. It is therefore reasonable to believe
that an external compressed stress can constrict the whole system,
and hence helps maintain the original cubic structure, which, how-
ever, turns out to mismatch our calculated results.

Switendick criterion may help us interpret this strain induced
shifting of the transition point. It tells us that the distance between
the inserted hydrogen atoms tends to be no less than 2.1 A so as to
reduce the interaction between them. Along with the addition of
hydrogen, their distance between each other will decrease. Then
the stronger repulsive interaction enforces the occurrence of the
transition of the stability. From this point of view, an external com-
pression will surely further this repulsive interaction and thus
prompt the transition, while a tensile strain will help to expand
the system and increase the distance of the atoms. The accompany-
ing diminished repulsive interaction will therefore postpone the
transition of the stability.

6.2. Chemical doping

Next we focus on the substitution effect on the transition of the
stability. YFe, alloyed with ZrFe,, or Y,_,Zr.Fe,, has been studied
and shown to effectively stabilize the cubic structure [24,40]. How-
ever, since ZrFe; can hardly absorb hydrogen spontaneously [41],
the higher the concentration of Zr, the smaller the capacity of
hydrogen. Further research is necessary about the use of YFe,
alloyed with ZrFe,. Here we choose Strontium and Scandium,
two other neighbor metal elements of yttrium, as substitutions.
Two concentrations, 25% and 50%, are adopted to examine how
the transition point of the stability shifts along with the introduc-
tion of Sr or Sc.

As is shown in Fig. 9, the two substitution species affect differ-
ently to the transition of the stability. For the original YFe,H,, the
transition takes place after absorbing 1.5/f.u. hydrogen. After 25%
Sr is introduced, the transition point shifts toward the high H-
concentration side. As for the higher Sr-concentration system Y s-
SrosFe;Hy, the crystal keeps its cubic structure unchanged until
more than 2.5/f.u. of hydrogen is absorbed. The introduction of Sr
helps YFe,H, keep the cubic structure. The introduction of Sc, how-
ever, can barely influence the transition of the YFe,. The stability
transition keeps always unchanged for all different Sc content.

Combining the already reported Zr result [24,40], a little of
which can keep the crystal structure maintaining C15 type, we
can find that it is the electronic structure instead of the size effect
that counts the most here in the substitution case. Although the
substitution of Sr may destabilizes the whole system as is shown
by the positive formation enthalpy in Fig. 9(a), Sr and Zr, having
different numbers of valence electrons from Y, can lead to a post-

ponement of the transition of the stability, despite that Zr has a
smaller ionic radius than Y and Sr larger. Sc, which has a smaller
ionic radius but the same valence electrons number with Y, turns
out to do little to the transition.

7. Conclusions

The transition of the stability of YFe,H, from cubic to
orthorhombic phase is studied by first-principles calculations to
present a qualitative picture of the transition of YFe,H, as x
increase. It is found that hydrogen atoms favor different interstitial
sites at different concentration. The stability transition from cubic
to orthorhombic phase is found to take place around x = 1.5, a rel-
ative small value compared to the hydrogen capacity of YFe,. It is
found that the magnetism plays an important role in the hydrogen
adsorption. Furthermore, it is found that external tensile strains
could maintain its cubic phase to a higher hydrogen concentration.
Meanwhile, the transition point is mainly due to the chemical
bonding rather than the size effect of the substitutional metals.
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