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INTRODUCTION

Vanadium�based hydrides with a high hydrogen
mass content (3.8%) are promising materials for stor�
ing hydrogen. However, the conditions of hydrogena�
tion of metallic vanadium and the values of pressure
for vanadium mono� and dihydride dissociation limit
the wide practical application of these compounds.
The interaction of hydrogen with multicomponent
vanadium alloys (among which V–Cr–Ti alloys
should be selected [1–3]) was investigated in order to
make progress in this field.

This study is based on the data of [4] on the influ�
ence of some elements on the hydrogen sorption abil�
ity of vanadium. According to these data, the intro�
duction of most elements (except for Ti, Zr, and Nb)
increases the dissociation pressure of the dihydride
phase. The introduction of chromium also makes
vanadium dihydride less stable. A study of V1 ⎯ xCrx

alloys (х = 0–0.2) [5] showed that an increase in chro�
mium content leads to an increase in hydrogen des�
orption pressure and that an alloy containing 20% Cr
does not interact with hydrogen at pressures up to
70 atm. The application of the high�pressure tech�
nique in investigations in this field is expected to gain
new knowledge about metal–hydrogen systems. For
example, the interaction of hydrogen with V1 ⎯ xCrx

alloys (х = 0.1–0.5) was studied in [6] at pressures up
to 2000 atm. Hydrogen absorption and desorption iso�
therms were plotted, domains of existence of hydride
phases were determined, and the ΔH and ΔS values
were calculated. It was found that hydride formation
in the V1 ⎯ xCrx–Н2 system with х ranging from 0.1 to
0.4 occurs in two stages and is characterized by the for�
mation of a stable hydride phase and a hydride phase
with a high dissociation pressure.

At the same time, the formation of only one
hydride phase and the almost complete reversibility of
the hydrogen absorption–desorption reaction were

observed in the V0.5Cr0.5–Н2 system. It was noted in
[5] that, if V0.9Cr0.1Н1.9 is similar to vanadium dihy�
dride, a hydride based on V0.5Cr0.5 alloy can be consid�
ered a vanadium�stabilized chromium hydride. Kaji�
tani et al. [7] investigated the structure of deuterides
based on V1 ⎯ xCrxD0.5 and V1 ⎯ xTaxD0.5 ⎯ x alloys (x =
0.01–0.1) and found that an increase in the chromium
content leads to an increase in the fraction of deute�
rium�filled octahedral interstitial sites in the lattice.

In this paper we report the results of studying the
structure of hydrides based on V0.9Cr0.1 and V0.5Cr0.5

alloys synthesized under high hydrogen pressure. The
positions of deuterium atoms in the metal sublattice of
the alloys are determined. It is revealed that
V0.9Cr0.1D2.0 deuteride has a crystal structure of CaF2

(Fm3m), which corresponds to vanadium dihydride.
V0.5Cr0.5D0.7 deuteride with a high chromium content
has the NiAs crystal structure (P6/3mmc), correspond�
ing to chromium hydride.

EXPERIMENTAL

Alloy samples were prepared by melting initial
high�purity components in an electric�arc furnace in
an inert atmosphere. After melting, the samples were
weighted again to monitor the alloy composition.
Alloys were hydrogenated in a Sieverts�type facility
with an operating pressure range up to 3000 atm. The
scheme and description of the facility can be found in
[8]. Deuterium�containing samples were prepared for
neutron diffraction study. Deuteride samples were
passivated after synthesis. To this end, an autoclave
with a sample under a high hydrogen pressure was
cooled to liquid nitrogen temperature (77 K), after
which the pressure was reduced to atmospheric. Then
the autoclave with a sample was open and kept in air
for several hours at a temperature of 77 K. Powder
samples were placed in an aluminum container. Neu�
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tron diffraction measurements were performed on a
DISK system (λ = 1.668 Å) at the National Research
Centre “Kurchatov Institute.” The structural data
were refined using the Fullprof software.

RESULTS AND DISCUSSION

The initial V0.9Cr0.1 and V0.5Cr0.5 alloys have a body�
centered cubic lattice in which vanadium and chro�
mium atoms are distributed statistically. The lattice
periods are 3.021(1) Å for V0.9Cr0.1 and 2.950(2) Å for
V0.5Cr0.5; these values correspond to the data obtained
by studying the chromium–vanadium phase diagram
in [9].

The neutron diffraction data on deuterides are pre�
sented in Figs. 1 and 2 and in Tables 1 and 2. The ver�
tical bars (in the lower part) in the neutron diffraction
patterns are the Bragg positions from the container in
which the sample was placed. These experimental data
confirmed the results of [6] and showed that the

V0.5Cr0.5D0.7 and V0.9Cr0.1D2.0 deuterides formed have
different structures which also differ from their initial
structures. The occupancy of the positions of metal
and deuterium atoms in deuteride structures is deter�
mined and the interatomic distances are calculated as
a result of the refinement of the structural parameters.

The refinement of neutron diffraction data showed
that the structure of V0.9Cr0.1D2.0 deuteride is similar to
that of vanadium dihydride VH2; it is an fcc lattice of
the CaF2 structure type (sp. gr. Fm3m). In this lattice
vanadium and chromium atoms are statistically dis�
tributed over 4а positions, while deuterium atoms
occupy tetrahedral interstitial sites.

V0.5Cr0.5D0.7 deuteride has a hexagonal lattice of
the NiAs structure type (sp. gr. P6/3mmc), similar to
chromium hydride. The hydride unit cell contains two
formula units. Chromium and vanadium atoms are
statistically distributed over lattice sites, while deute�
rium atoms occupy octahedral interstitial sites.
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Fig. 1. Neutron diffraction pattern of a V0.9Cr0.1D2.0 sam�
ple (CaF2 structure, sp. gr. Fm3m) collected (a) at a tem�
perature of 77 K (a = 4.196 Å, Rw = 8.2%) and (b) at room
temperature after exposure to air for a week (a = 4.194 Å,
Rw = 7.1%).

Fig. 2. Neutron diffraction pattern of a V0.5Cr0.5D0.7 sam�
ple (NiAs structure, sp. gr. P6/3mmc) collected (a) at 77 K
(a = 2.687 Å, c = 4.596 Å, Rw = 10.5%) and (b) at room
temperature after exposure to air for a week (a = 2.616 Å,
c = 4.606 Å, Rw = 11.2%).
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A comparison of interatomic distances in deu�
terides showed that the introduction of chromium
(atomic radii of vanadium and chromium are 1.34 and
1.27 Å, respectively) into the alloy composition signif�
icantly changes the V–V (Cr), V(Cr)–D, and D–D
bond lengths (Table 2).

The V–D interatomic distances (1.84 Å) for vana�
dium dideuteride were taken from [10]. The inter�
atomic distances for chromium hydride (Cr–H =
1.92 Å) were calculated from the data of [11]. The
interatomic distances for β2�vanadium deuteride (V–
D = 1.58 Å) were taken from [12, 13]. In addition, the
interatomic distances for VH2 were calculated based
on the structural data obtained in [14].

An analysis of interatomic distances showed that
the V(Cr)–D distances (1.93 Å) in the deuteride sam�
ple with a structure of chromium hydride V0.5Cr0.5D0.7

are larger than the V–D distances for β2�deuteride
(1.58 Å) and are almost equal to the Cr–H distances
(1.92 Å). Thus, when compared with chromium
hydride, the introduction of a metal with a larger
atomic radius barely changes the metal–hydrogen dis�
tance.

In the V0.9Cr0.1D2.0 deuteride with a CaF2 structure,
which contains a small amount of metal with a smaller
atomic radius, the interatomic distances V(Cr)–D
(1.88 Å) are close to the V–D interatomic distances in
dideuteride (1.84 Å).

Studies of the structure of d�metal hydrides were
analyzed in [10, 12]. It was concluded that in hydrides
of metals with an atomic radius larger than the vana�
dium atomic radius (Ti, Zr, Nb, Ta), hydrogen fills tet�

rahedral interstitial sites. In hydrides of metals with
an atomic radius smaller than the vanadium radius
(Cr, Mn, Fe, Co, Ni), hydrogen occupies octahedral
interstitial sites in the metal lattice. Thus, a decrease in
the radius of metal atoms and the corresponding
decrease in the lattice period lead to a change in the
coordination number of hydrogen atoms. Vanadium is
at the boundary between the metals characterized by
the tetrahedral and octahedral filling of interstitial
sites in metal hydrides. Therefore, in this case, one
should expect that an increase in the chromium con�
tent in a vanadium�based alloy may lead to the more
likely filling of octahedral interstitial sites with hydro�
gen because of the decrease in the lattice period. This
in turn will change the lattice type from cubic to hex�
agonal.

The data obtained confirm this suggestion. With an
increase in chromium concentration, the formation of
a dihydride phase becomes impossible even at hydro�
gen pressures of up to 3000 atm. At the same time, a
transition from a bcc lattice for V0.9Cr0.1D2.0 (Fig. 1a) to
an hcp lattice for V0.5Cr0.5D0.7 (Fig. 2a) is observed.

A neutron diffraction analysis performed after the
exposure of V0.9Cr0.1D2.0 and V0.5Cr0.5D0.7 deuteride
samples in air at room temperature for a week
(Figs. 1b, 2b) demonstrated only a slight decrease in
the lattice parameters. This fact indicates the high sta�
bility of deuteride samples after passivation in air. We
can also conclude that the structure of synthesized
hydrides does not change at 77 K.

CONCLUSIONS

The structure of deuterides based on V0.9Cr0.1 and
V0.5Cr0.5 alloys was investigated by neutron diffraction.
The positions of metal and deuterium atoms in the
deuteride lattice are refined. It is established that
V0.9Cr0.1D2.0 deuteride has a CaF2�type crystal struc�
ture (sp. gr. Fm3m) and is similar to vanadium dihy�
dride. V0.5Cr0.5D0.7 deuteride is crystallized into the
NiAs structure type (sp. gr. P6/3mmc), similarly to
chromium hydride.
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Table 1. Structural data on deuterides

Atoms Position 
type

Occu�
pancy

Atomic coordinates

x y z

V0.9Cr0.1D2.0 (77 K)

V 4a 0.9 0 0 0

Cr 4a 0.1 0 0 0

D 8c 2.0(2) 0.25 0.25 0.25

V0.9Cr0.1D2.0 (293 K)

V 4a 0.9 0 0 0

Cr 4a 0.1 0 0 0

D 8c 2.0(1) 0.25 0.25 0.25

V0.5Cr0.5D0.7 (77 K)

V 2a 0.5 0 0 0

Cr 2a 0.5 0 0 0

D 2c 0.7(1) 0.333 0.666 0.25

V0.5Cr0.5D0.66 (293 K)

V 2a 0.5 0 0 0

Cr 2a 0.5 0 0 0

D 2c 0.66(2) 0.333 0.666 0.25

Table 2. Interatomic distances in V0.9Cr0.1D2.0 and V0.5Cr0.5D0.7
deuterides

V0.9Cr0.1D2.0 V0.5Cr0.5D0.7

V–V(Cr) 2.97(2) V–V(Cr) 2.69(2); 2.30(1)

V(Cr)–D 1.88(2) V(Cr)–D 1.93(2)

D–D 2.10(1) D–D 2.77(2)
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