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Synthesis of bulk chromium hydrides under pressure of up to 120 GPa
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Stable compounds in the Cr-H system have been synthesized through a direct reaction of chromium and
hydrogen in a laser-heated diamond-anvil cell and investigated using synchrotron x-ray diffraction up to 120 GPa.
The sequence of hydrides CrH, Cr,Hj3, and CrH, has been observed by increasing pressure. The known e-hcp-CrH
hydride is formed above 3 GPa. A Cr,H; hydride with a C2/m structure appears spontaneously above 19 GPa,
as a result of the filling of the tetrahedral sites of e-CrH. YAG laser heating helps dissolve more hydrogen inside
the icp chromium structure to synthesize a CrH, compound with a Pnma structure from 30 GPa on. The volume
expansion per hydrogen atom in octahedral and tetrahedral sites is measured up to the 100-GPa pressure range.
The formation pressures and structures of these chromium interstitial hydrides are in very good agreement with
DFT calculations. However, despite multiple heating attempts up to 100 GPa, no evidence of the stability of the

predicted CrH; compound could be found.
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I. INTRODUCTION

Over the past decade, many calculations have revealed that
the hydrogen content in metals should dramatically increase
at high pressure. Under pressures of a few tens of GPa, many
elements have been predicted to form hydrides with uncon-
ventionally high hydrogen stoichiometries [ 1-3]. Furthermore,
these polyhydrides hold great promise as a class of poten-
tial high-temperature superconductors [3,4] especially with
the recent observation of a superconductivity in compressed
hydrogen sulfide at a 7, of 203 K at 150 GPa which could be
explained by the formation of H3S [5]. Up to now, however,
few experiments have been performed to test the large corpus
of predictions available in the literature. It is important to
collect more experimental data to assess the reliability of
these ab initio predictions. In this context, the investigation
of transition-metal polyhydrides seems promising especially,
since a sequence of iron hydrides, FeH, FeH,, FeHs, and FeHs,
has been recently discovered by increasing pressure in the Fe-H
system [6,7].

Transition-metal hydrides have been studied for decades
and exhibit a close-packed metal host lattice with hydrogen in
interstitial sites. These hydrides usually have a hydrogen:metal
(H:M) ratio close to 1, with few exceptions of higher ratio
[8]. Until recently, dihydrides (H:M ratio = 2) were known
only for five transition metals from groups IV and V (Ti, Zr,
Hf, V, and Nb) and were synthesized at ambient pressure. By
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compressing metals embedded in hydrogen using a diamond-
anvil cell, other dihydrides were discovered: TaH; at 5 GPa
[9]; RhH, at 8 GPa [10]; FeH, above 67 GPa [7]. The
discovery of trihydrides (M:H ratio = 3) really demonstrates
that pressure can change the nature of transition-metal hydrides
from interstitial to reorganized, as observed for three metals:
IrH; above 55 GPa [11], FeHs above 85 GPa [7] and NbH;
above 56 GPa [4]. According to calculations, group VI seems
very promising to observe arich variety of polyhydrides under
pressure, up to stoichiometries as high as 8 [3,12,13]. But,
surprisingly, molybdenum and tungsten did not even form
dihydrides at pressures well above their predicted stability
pressure [12,14,15]. Here, the formation of polyhydrides of
another group- VI transition d metal, chromium, is investigated.

Indeed, many hydrogen atoms can be bound to a chromium
atom, as molecular complexes up to (H,),CrH, have already
been detected through the condensation of chromium vapors
in solid gas matrices at a few K [16,17] and a DFT study
even predicts the existence of CrH;, molecules [18]. In the
solid state, as early as 1926, chromium has been reported
to form hydrides with up to three hydrogen atoms for one
chromium atom [19]. This claim has not been confirmed in
later experiments but solid bulk layers of CrH (and possibly
also of CrH; 7) were synthesized electrochemically [20-23].
Their structure is either hcp or fcc, depending on the condition
of cathodic electrodeposition [21,24,25]. In 1998, the compres-
sion curves of these two types of electrodeposited chromium
hydrides were measured up to 40 GPa [26]. The synthesis of
the hcp e-CrH (perfect anti-NiAs-type) hydride from bulk
chromium and hydrogen and its study up to 1.6 GPa was
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performed by Baranowski in 1972 [27,28] and subsequently by
Ponyatovsky in 1976 [29]. Then, in 2002, the stability of hcp
CrH was studied versus temperature (7 > 500 K) and pressure
up to 6 GPa [30]. A phase transition toward the fcc y phase
was found as the temperature was increased but these results
are questioned by a thermodynamic study [31] and a recent
experimental investigation of the Mo-H system which did not
confirm the formation of the high-pressure high-temperature
fcc MoH hydride [32]. e-CrH is an interstitial hydride with H
atoms occupying the octahedral sites of the hcp chromium
lattice [33]. According to a recent theoretical paper by Yu
et al. a variety of CrH, hydrides should form under pressure,
giving rise to interstitial hydrides but also to compounds in
which hydrogen acts as a bridging atom between chromium
atoms [13]. More than five interesting stable stoichiometries
have been predicted, the highest stoichiometry calculated being
CrHg above 130 GPa. Moreover, CrH and CrH; have been
calculated to be superconductors with a transition temperature
around 10 K at ambient pressure and 40 K at 80 GPa, respec-
tively [13].

We report below the formation of two bulk chromium
hydrides, Cr,H3 and CrH,, by direct reaction of Cr and H in a
diamond-anvil cell. These are two interstitial hydrides. How-
ever, the formation of the CrH3 compound was not observed in
its predicted stability pressure range. Ab initio calculations are
also presented to extend the comparison between experiment
and calculations.

II. METHODS

Three pressure runs were performed on chromium-
hydrogen samples loaded in a diamond-anvil cell. Different
diamond-anvil cuts were used to cover different pressure
ranges: culets of 400 um (run 1), 300 um (run 2), and
150 um (run 3). The rhenium gasket was covered by 100 nm
of gold to limit hydrogen diffusion. Hydrogen was loaded in
the diamond anvil cell (DAC) under 1400 bars. As shown by
the photograph in Fig. 1, the chromium flake was surrounded
by an excess of hydrogen, even up to the maximum pressure
investigated, to be able to synthesize the polyhydride with the
highest fraction of hydrogen stable at a given pressure. A gold
marble was loaded next to the sample and the pressure was
measured with the equation of state of gold, as defined in
[34]. The diffraction patterns were collected usinga MARCCD
detector at the ID27 beamline at the ESRF with a wavelength
of 0.3738 A. For each run, the sample was heated by a YAG
laser at different pressures, as indicated in Fig. 1, to accelerate
the kinetics of hydrogen diffusion in the chromium sample.
Different colors are used for three types of laser heating
session: a low-temperature one (7 < 800 K), a midtemper-
ature one (800 K < T < 1200 K) and a high-temperature one
(1200 K < T < 1500 K). The temperatures are just rough
estimates, obtained from the thermionic emission observed.
It is important to note that the laser heating had to be long
enough to complete the transformation of the sample but not
too long to obtain a powder that is not too textured, to be able
to perform Rietveld refinements of the synthesized structure
later on. In run 2, the stability of the chromium hydrides has
also been investigated upon decreasing pressure. The DIOPTAS
software [35] and the FULLPROF package [36] were used to
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0517 3 19 31

Hydrogen pressure (GPa)

FIG. 1. Schematic representation of the different experimental
runs and of the pressure stability ranges of CrH, Cr,H;, CrH,
embedded in hydrogen. Upon pressure decrease in run 2, intermediate
hydrogen concentrations were observed probably due to a slow
kinetics of hydrogen diffusion out of the hydrides.

analyze the recorded x-ray-diffraction data. The uncertainty in

pressure is 3% and in volume +0.09 A3/Cr.

Calculations were also performed to complement Yu ez al.’s
data [13] especially for compression curves and formation
enthalpies of the various synthesized chromium hydrides.
Ground-state DFT calculations have been performed with the
ABINIT code [37] using optimized norm-conserving Vanderbilt
pseudopotentials (ONCVPSP) [38]. The generalized gradient
approximation in the Perdew-Burke-Ernzerhof form (GGA-
PBE) [39] was employed. The lattice parameters and the atomic
positions of Cr, CrH, Cr,H3, CrH,, CrH3, CrHy, and CrHg were
optimized as a function of hydrostatic pressure. A k-point grid
of 40 x 40 x 40 for Cr, 40 x 40 x 25 for CrH, 15 x 40 x 25
for CroHs, 25 x 40 x 25 for CrH,, 30 x 30 x 40 for CrHs,
30 x 30 x 15 for CrHy4, and 25 x 25 x 30 for CrHg was
used along with a plane-wave cutoff of 50 Ha (convergence
tests with a plane-wave cutoff of 60 Ha were performed in
selected cases, providing identical formation enthalpies with
differences much smaller than 1 meV/atom). No magnetism
was taken into account, as Yu et al. have demonstrated that it
had no influence [13].

III. CHROMIUM HYDRIDES

The formation of three chromium hydrides, CrH, Cr,Hj3,
and CrH,, has been reproducibly observed during the three
runs through compression and decompression paths, as sum-
marized in Fig. 1. For each new hydride, x-ray-diffraction
patterns revealed powders of sufficient quality to be able to
perform a Rietveld refinement of the structural positions of
the Cr atoms. The hydrogen stoichiometry was estimated from
the volumetric expansion caused by the hydrogen insertion
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inside the chromium lattice and the structural positions of the
hydrogen atoms were assumed to be those given by ab initio
calculations from Yu et al. [13].

A. CrH

Below 1 GPa, chromium embedded in hydrogen remains
in the bcc phase, even after a few days. No volume differ-
ence, within the experimental uncertainty, was noticed with
bce chromium embedded in a helium pressure-transmitting
medium, which is in agreement with the calculated solubility
of hydrogen in chromium, i.e., x ~ 2.1073 at 500 K and 1 GPa
[40]. By laser heating the chromium sample at 0.5 GPa and ata
temperature inferior to 800 K, a single crystal of bcc chromium
formed. Indeed, e-CrH is not stable at a temperature superior
to 500 K at this pressure according to the already published
data on the Cr-H system [30]. Above 1.7 GPa, small hcp peaks
appear along with the main peaks of bcc chromium in the x-ray
pattern, indicating the formation of a hexagonal close-packed
CrH, hydride. Laser-heating at 3 GPa leads to a complete
transformation of the sample into e-CrH with a volume slightly
higher than that of the hcp CrH, phase formed by the sole
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pressure increase. The hydrogen content before heating is
estimated to be x = 0.96 which corresponds to what is often
found by electrochemical synthesis. A Rietveld refinement
of the integrated x-ray-diffraction pattern was successfully
performed in the P63/mmc space group with Cr atoms in
position 2c, as can be seen in Fig. 2(b). As shown below, the
volume expansion of the Cr lattice due to hydrogen dissolution
corresponds well to the filling of the octahedral site of the icp
lattice. Upon pressure decrease, CrH was recovered metastable
at ambient pressure, as expected.

B. Cl‘zHg,

Under further pressure increase, new diffraction peaks ap-
peared above 19 GPa. The diffraction pattern can be interpreted
as a mixture of CrH and the predicted CryHjz. A pure Cr,Hs
phase was obtained during pressure decrease from 24 GPa
and a Rietveld refinement of the corresponding integrated
x-ray-diffraction pattern was performed in the C2/m space
group. Chromium atoms were found to be in position 4i
[(0.883, 0, 0.266) and (0.379, 0, 0.795)], as shown in Fig. 2(c).
This structure matches Yu et al.’s predictions [13] for the
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FIG. 2. (a) Unrolled recorded XRD image for each hydrogen stoichiometry. (b) Rietveld refinement of CrH after complete pressure release
[P63/mmc,a =b =2.722 A, ¢ = 4.433 A with Cr atoms in position 2¢, (101) as preferred orientation]. (c) Rietveld refinement of Cr,Hj at
22 GPa on pressure release [C2/m, a = 9.828 10\, b=2.727 /°\, c=4.787 10\, B = 61.99° with Cr atoms in position 4i (0.883,0,0.266) and
(0.379,0,0.795), (—312) as preferred orientation]. (d) Rietveld refinement of CrH, at 33 GPa [Pnma, a = 4.391 A, b = 2.744 A, ¢ = 4.909 A
with Cr atoms in position 4c¢ (0.259, 0.75, 0.590), (110) as preferred orientation].
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H:Cr = 1.5:1 hydride. As discussed below, the volume ex-
pansion due to the dissolution of more hydrogen in the hcp
chromium lattice corresponds, this time, to the partial filling of
the tetrahedral sites. Upon decreasing pressure, the emergence
of new nonindexed diffraction peaks in the diffraction pattern
below 17 GPa indicates a desorption process of Cr,Hj into CrH
(for which the corresponding diffraction peaks appear from
11 GPa in the mixture). This desorption process was completed
at 5 GPa, with only the diffraction peaks of e-CrH present in
the pattern. Hence, the stability pressure of Cr,Hj ranges from
17 to 24 GPa with slight hysteresis at the transition between
CrH and Cr,H3 (17-19 GPa).

C. CrH,

If no laser heating is applied to the sample, from 31 GPa on,
the diffraction pattern was interpreted as a mixture between
three phases: CrH, Cr,Hs, and CrH,. After moderate laser
heating, a complete transformation of the sample into pristine
CrH, was observed. A Rietveld refinement of the integrated
x-ray-diffraction pattern, as shown in Fig. 2(d) was performed
in the Pnma space group with chromium atoms in position
4c (0.259, 0.75, 0.590) which fits in well with Yu et al.’s
predictions [13]. A pressure increase up to 120 GPa did not
show any sign of the spontaneous apparition of a new phase.
The CrH, phase remains the most stable one even under
high-temperature and persistent laser-heating of the sample at
100 GPa. We can thus state that CrH, is the chromium hydride
of highest stoichiometry that can be synthesized in the Cr-H
system up to 100 GPa. Upon pressure decrease, CrH; started
to release its hydrogen below 28 GPa and went back to Cr,Hj
at 24 GPa. Again, the hysteresis of the transition between CrH,
and Cr,Hj is small, 28-31 GPa.

IV. DISCUSSION

A. Compression curve

The compression data, V(P), for CrH, Cr,Hs, and CrH,
in a hydrogen pressure transmitting medium is plotted in
Fig. 3. The compression data of chromium in a helium pressure
transmitting medium is also plotted to visualize the volume
expansion per formula unit associated with the hydrogen
content increase. The compression curves at 7 = 0 K for these
various compounds have been calculated and are plotted for
comparison. The Vinet equation of state function is used to fit
all these data. Robust values of the initial volume V, initial
bulk modulus By, and its pressure derivative B(; are usually
obtained and are reported in Table I. Previous experimental
V(P) data from Tkacz et al. [26] shows less compressible
Cr and CrH compounds with increasing deviation from our
data as pressure increases. However, that is probably due to
the presence (our data) or absence (Tckaz et al.’s data) of a
quasihydrostatic pressure medium. As seen in Table I, adding
H atoms to Cr significantly lowers the bulk modulus. CrH; is
significantly more compressible than CrH that is itself more
compressible than Cr. This is in agreement with previous mea-
surements in the Fe-H system, FeH; and FeH exhibiting signif-
icantly lower bulk moduli than Fe, respectively 127, 131, and
163 GPa [7]. But this differs from the traditional low-pressure
view on interstitial hydrides: essentially, in interstitial sites,
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FIG. 3. Atomic volume as a function of pressure. The uncertainty
in pressure is £3% and in volume +0.09 AS/Cr.

hydrogen is assumed to appear mostly incompressible and
so the mechanical behavior of the hydride should be almost
identical to the one of the parent metal. Yet, that view seems to
apply for two recent high-pressure studies, one on TaH; [15]
and the other on NbH, [4]. However, in our study, as shown
below, the lattice expansion due to hydrogen dissolution is
a clear decreasing function of pressure, so that hydrogen is
indeed compressible in interstitial sites.

As seen in Fig. 3, the calculated compression curves,
obtained by the ab initio structural optimization at different
pressures, systematically underestimate the volume of all the
chromium hydrides but also of pure chromium with an error be-
tween 4 and 6% at ambient pressure. Yet, this underestimation
decreases with pressure. The calculations have been made both
with the norm-conserving method and with the projector aug-
mented wave method with semicore electrons, giving identical
results. Besides, the calculated volumes are in good agreement
with those calculated by Yu et al. [13]. The GGA-PBE func-
tional used has been shown to generally overestimate the vol-
ume of metals [43] and thermal contraction from 300 down to
0 K cannot account for such a large volume mismatch between
experiments and calculations.

B. Volume expansion per hydrogen atoms

In CrH, neutron-diffraction studies have shown that the
hydrogen atoms occupy the octahedral sites of the hcp lattice
[25,33]. The volume expansion accompanying the transition
from a-Cr to €-CrH as a function of pressure is given by
the subtraction of the equation of state (EOS) fitted for pure
chromium from the volume data of CrH. The result can be
seen in Fig. 4. As already pointed out by Fukai [8], one needs
to take into account the volume difference already induced by
the bcce to hep reorganization of the metallic framework to
correctly estimate the value of the volume expansion caused
by the insertion of a hydrogen atom inside an octahedral site of
the hcp structure. According to DFT calculations, the volume

of a hypothetical hcp Cr is higher by 0.36 A3 than that of
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TABLE I. Volume, bulk modulus, and its first pressure derivative at ambient conditions for the different chromium hydrides. *indicates

electrochemical synthesis.

Phase Space group Vo (10\3) B, (GPa) B(; Reference
Cr Im-3m 12.00(0.02) 200(2) 43 experimental
245(7) 5.5 Tkacz [26]
11.55 258(0.5) 4.30(0.01) DFT
e-CrH P63/ mmc 14.23(0.02) 177(7) 4.7 experimental
240(7) Tkacz [26]
13.43 249(0.5) 4.37(0.01) DFT
13.42 DFT [13]
14.20* [20]
14.14* CrHo.961-0.996 [22]
14.12* CrH, [41]
14.14* CrHo o7 [42]
14.18 CrH-; [28]
14.19* CI‘HO'gg [25]
Cr,H; C2/m 14.78 218(0.5) 4.46 DFT
CrH, Pnma 17.4(0.5) 130(30) 5.2 experimental
16.24 193(0.5) 4.49(0.01) DFT

bcce Cr at 0 GPa. The hydrogen-induced volume expansion at

ambient pressure would then be ~1.8 AS, which is in fairly
good agreement with what is commonly found for d-band

metals: 2.2 £ 0.4 A’ for O-site occupancy and 2.9 + 0.3 A’
for T -site occupancy (cf. [8], Table 4.2). However, this volume
expansion significantly decreases under pressure.

The volume expansion due to the dissolution of hydrogen
inside CrH to form Cr,Hj3 and CrHj is estimated by subtracting
the Vinet fit of the CrH EOS from the EOS data points of
the corresponding hydride. As seen in Fig. 4, this operation

32 E

3.0 T sites o dVHCH  vs Cr T

28| dV/HCrH, vs CrH

dVIH (A%

0 20 40 60 80 100 120 140 160

Pressure (GPa)

FIG. 4. Volume expansion per hydrogen atom for CrH, Cr,Hj,
and CrH, as a function of pressure. Points are obtained through a
subtraction of the fitted EOS of Cr from experimental data points of
CrH and of the fitted EOS of CrH from experimental data points of
Cr,H; and CrH;. Lines are obtained through a subtraction between
fitted EOS (not available for Cr,H3).

results in data points for Cr,H3 and CrH, falling on a common
curve, which is clearly different from the one corresponding
to a hydrogen atom occupying an octahedral site. Indeed,
following the structural prediction of Yu et al. [13], Cr,Hj
and CrH, are formed by the hydrogen filling of the tetrahedral
site of e-CrH hydride. This process is associated to a small
monoclinic and orthorhombic distortion of the chromium Acp
lattice for respectively Cr,Hs and CrH,. Due to the lack of data
points at low pressure, the volume expansion of the metal lattice
associated to a hydrogen atom occupying a tetrahedral site at
ambient pressure was estimated thanks to the V; of CrH, which
was set to the value minimizing the error but remaining within
the commonly accepted values for 7'-site occupancy. Again,
this volume expansion is a decreasing function of pressure.
We believe that these two hydrogen volume expansion curves
for octahedral and tetrahedral sites reflect a general behavior
and could be useful to determine the hydrogen stoichiometry
and hydrogen atoms positions in future experimental data on
high-pressure hydrides.

C. No CrHj; observed

One must distinguish between two different mechanisms
that occur under pressure to increase the hydrogen stoichiom-
etry of a metal, and therefore two categories of hydrides can
form. The “interstitial hydrides” which are the hydrides formed
by dissolving hydrogen inside the interstitial sites of a structure
(of the pure metal or of one of its hydrides) and the “reorganized
hydrides” which are the hydrides that are stabilized thanks to a
complete reconstructive transition of the metallic lattice. The
case of chromium is very interesting, as the numerical study
by Yu et al. [13] has predicted that bcc chromium under an
excess of hydrogen should form both interstitial hydrides and
reorganized hydrides, as the pressure increases. The relative
stability range of each predicted chromium hydride is shown
in Fig. 5. Upon pressure increase, interstitial hydrides were
predicted to form by populating the tetrahedral sites of the
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FIG. 5. Predicted chromium hydrides and their relative stability
pressure ranges, as proposed in [13], compared to experimentally
found chromium hydrides up to 120 GPa. The experimentally found
Cr,H; and CrH, chromium hydrides are identical to the predicted
ones. Their structures are represented with the nearly ideal hcp
cell formed by chromium atoms (not the real cell of the structure)
and red circles indicate the positions of the inserted hydrogen
atoms inside the cell. The latest published experimental low-pressure
pressure-temperature data on the two allotropes of CrH are from
Ref. [30]. Those data are nevertheless in contradiction with several
studies regarding thermodynamics [31] and the volume of y-CrH
[24,25], which calls for a new low-pressure high-temperature fine
experimental study on the Cr-H system, as already done for the Mo-H
system [32].

e-hcp CrH phase. The CrH, stoichiometry was predicted
to be stable above 30 GPa, preceded by the formation of
the intermediate compound Cr,Hjz at 18 GPa. As discussed
above, these two hydrides have been observed. By further
increasing pressure, reorganized hydrides were predicted to be
stable. In particular, CrH; should have formed above 76 GPa
in our experiments but it was not observed when CrH, was
compressed in excess hydrogen up to 120 GPa and laser heating
it at 100 GPa. This is all the more surprising as the predictions
for interstitial hydrides have been verified with experimental
and predicted transition pressures in relatively good agreement.
Similarly, for the other group-VI transition metal, tungsten,
ab initio calculations had predicted the stability of a rich
variety of polyhydrides, WH,, WHy, and WHg, but none was
observed over the pressure range of their calculated stability,
even after laser heating the sample to overcome kinetic barriers
[12]. Only hcp WH (in fact up to WH, 33 [11]) was found
to be experimentally stable under pressure. The explanation
provided by Zaleski-Ejgierd et al. is that the stability of the
numerically found hydrides is based only on 0 K enthalpy
difference considerations. At 300 K, one has to take into
account the Gibbs energy with the corresponding entropy
changes.

T T T T

- (Cr + 0.5H,)
(CrH + 0.25H,)
- (CrH, 5 + 0.25H,)

- (CrH, + 0.5H,) A
- (CrH, + 0.5H,)

- (CrH, + 25H;) A
- (CrH, + 2.0H,) 1

Enthalpy difference (eV)

_05 L Il L 1 L 1 L 1 L 1 L 1 L 1 L 1 L 1 L
0 20 40 60 80 100 120 140 160 180 200

Pressure (GPa)

FIG. 6. Ground-state enthalpies of formation of the CrH, struc-
tures with respect to the previous most stable chromium hydride and
pure hydrogen (without zero-point energy). Filled symbols represent
the stability domain of each new stoichiometry. Enthalpies are given
per chromium atom.

In Fig. 6, we report the enthalpy difference calculated
for the various consecutive chromium hydride formation
reactions after structural optimization at several pressure
points. The enthalpy difference accounting for the stability
of CrH; and CrHy has a small pressure slope and does not
exceed 100 meV until above 140 GPa. Hence, the amount of
T AS could be sufficient enough to disfavor CrH; with respect
to CrH, + 0.5H,, especially if laser heating is applied to the
sample to overcome large energy or kinetic barriers. The same
problem could also occur for CrHy. It is beyond the scope of
this paper to quantitatively estimate this entropy effect. We
could only venture to say that the predicted stability of CrHg
would probably be less affected. Indeed, its corresponding
enthalpy difference with pressure has a steeper slope and
largely exceeds 100 meV above 120 GPa. However, as shown
by Yu et al. [13], zero-point energy should highly destabilize
CrHg and pressure in excess of 160 GPa should be necessary to
observe it.

V. CONCLUSION

The synthesis of two chromium hydrides is reported: Cr,Hj
is observed at 19 GPa and CrH, above 31 GPa. CrH, is the
first dihydride for group-VI transition metal while WH, and
MoH,; were not observed in previous high-pressure studies.
By measuring the EOS of Cr, CrH, Cr,Hj, and CrH,, the
pressure evolution of the volume expansions per hydrogen
atom occupying octahedral and tetrahedral sites has been
found. Finally, although nonstoichiometric CrHgy g7 was not
found to be superconductive [42], stoichiometric CrH was
predicted to be superconductive at 10 K at ambient pressure
[13]. Preliminary measurements have been carried out on CrH
using the miniature DAC especially designed for supercon-
ductivity detection in a MPMS 3 superconducting quantum
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interference device magnetometer and described in Ref. [44].
No superconductivity was observed down to 4 K in CrH. The
magnetic measurements of the superconductive properties of
Cr,Hj and CrH, are under progress and will be the subject of
a future publication.
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