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Abstract

A powder sample ofcc (y) cobalt hydride was synthesised under a pressure of 9 GPa and a temperature@B88&hen studied at
ambient pressure by neutron diffraction at 95 K and by inelastic neutron scattering (INS) at 5 K in the range of energy transfers 30—380 meV. A
profile analysis of the neutron diffraction pattern showed that hydrogen occupies octahedral interstitial sitgs iméta&l lattice ofy-CoH
with a = 3.7124(5)&. The INS investigation demonstrated that the fundamental band of optical hydrogen vibrations consists of a strong
peak at 102 meV with a broad shoulder towards higher energies. This intensity distribution is tygicalaofd fcc monohydrides of &
and 4I-metals, and the peak position as a function of the hydrogen—metal distance agrees with the dependence established for those hydrides
earlier.
© 2005 Elsevier B.V. All rights reserved.
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1. Introduction showed[3] that hydrogen atoms are randomly distributed
over octahedral interstices in the cobalt hydrides with
At temperatures of 250-35C, the equilibrium solubil- x < 0.26 and form layered superstructures in the solutions

ity of hydrogen in the low-temperatufep (¢) modification with x > 0.34, occupying every third octahedral basal layer
of cobalt monotonically increases with pressure and reachesat x = 0.34 and every second layer at- 0.38. So far, the
an H/Co atomic ratio ofc ~ 0.6 at 7 GPa[1]. At higher crystal structure of cobalt hydride was examined only by
pressures, hydride with ~ 1 is formed on the base of the X-ray diffraction[1], which provided no information about
high-temperaturgc (y) cobalt modificatior{1]. Both thee the type of hydrogen positions in thie Co lattice.
solid hydrogen solutions (hydrides) and the stoichiometric In the present paper, the full crystal structureye€oH
hydride can be retained in a metastable state at atmospherievas studied by neutron diffraction and its lattice dynamics
pressure and low temperatures, if the sample is cooled belowby inelastic neutron scattering.
about 200 K under high hydrogen pressure.

Cobalt and its hydrides are ferromagnets. The magne-
tization measurements showg] that magnetic moments
in the ¢ hydrides decrease from 1.gg/atom Co atx =
0 to about 1.5%p/atom Co atx = 0.5, and decrease to
about 1.3.g/atom Co for they hydride withx ~ 1. A neu-
tron diffraction investigation at ambient pressure and 120K

2. Experimental

Plates (0.2 mm thick) of 99.98 wt.% pure polycrystalline
cobalt were loaded with hydrogen by a 24 h exposure tg aH
pressure of 9 GPa at 38Q and subsequent cooling to 150 K
in the high-pressure cell. The hydrogenation method is de-
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X-ray diffraction (I' = 100K, Fe kx radiation) and shown %10
to be single-phastec hydride, and a few milligrams piece of

each plate was analysed for hydrogen content by hot extrac-

tioninto a calibrated volume attemperatures up toZDand 4r
shown to containc = 1+ 0.03 hydrogen. The plates were N
brittle. Prior to the neutron scattering experiments, they were
ground in an agate mortar under liquid nitrogen to diminish
texture effects.

The 400 mg powder sample gfCoH thus prepared was
studied by neutron diffraction at 95 K with the D20 and D1B
diffractometers at the Institute Laue-Langevin in Grenoble
using neutrons of a wavelength bf= 1.29 and 252, re-
spectively. The diffraction data were analysed with a com-
puter prograni5] based on the Rietveld profile refinement
technique. The inelastic neutron scattering (INS) spectrum
from the y-CoH sample was measured at 5K with the IN1
BeF spectrometer installed at the hot source of the high-flux
reactor at ILL, Grenoble. Cu(2 0 0) and Cu(2 2 0) monochro-
mators were used to obtain incoming neutrons with energies
below and above 120 meV, respectively. Background spectra
from empty sample holders were measured separately under
the same conditions and then subtracted from the correspond- —
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Fig. 1. Neutron powder diffraction pattern pfCoH measured at 95 K with
3. Results and discussion the D20 diffractometer at ILL, Grenoble, using neutrons with a wavelength
of A = 1.29A (open circles) and results of its Rietveld analysis (solid lines).
Curve (a) is the sum of the magnetic contribution shown by curve (b) and of
the nuclear contribution calculated for the:3m structure of the NaCl type
. . with hydrogen atoms occupying every octahedral site inftheCo lattice

The neutron diffraction patterns of theCoH sample and  with o = 3.7124(5)A. Curve (c) is the difference between the experimental
the results of their profile analysis are presenteé&igs. 1 (circles) and calculated (curve a) spectra. Curve (d) is the difference between
and 2 The statistics of the spectra and the signal-to-noise ra- the experimental spectrum and that calculatedxfer 1 hydrogen atoms
tio were rather poor due to a few unfavourable factors acting randomly occupying one half of the tetrahedral interstices, the other fitting

. . parameters being the same as for curve (c).
together: the relatively small mass of the sample, the low co-
herent neutron cross-section of Co and H atoms, the large 10°
neutron absorption by Co atoms and the large incoherent y-CoH
neutron scattering from H atoms. Nevertheless, the profile 4|
analysis gave a decisive conclusion concerning the type of
interstitial sites that hydrogen atoms occupy infliemetal
lattice ofy-CoH.

To reduce the number of fitting parameters, the magnetic
contribution to the scattering intensity (curve lHig. 1) was
calculated using a value of 1g/atom Co from reference
[2]. The hydrogen content= 1 of the hydride was also fixed. Tr

As seen fronFig. 2 the neutron diffraction pattern of (b) difference, octa-H
CoH contains no new lines in addition to the lines of e ot WM“WWWMWWWWMWW
structure. The crystal structure of this hydride therefore be-
longs to the same space grodim 3m, as thefce structure of 0 a0 6'0 : a‘o : 1(')0
it_s metal Iattice._ In t_hgfcc structure, there are two types of 29, degrees
highly symmetrical interstitial sites conforming then3m
space group, the octahedral and tetrahedral positions. As carfig. 2. Neutron powder diffraction pattern gfCoH measured at 95 K with
be seen from the difference curves c and Eim 1, a model the D1B diff[actometgr atILL, Gren_oblg, using neutro_ns_with ayvavelength
assuming that hydrogen occupies every octahedral site giveé’“ = 2.52A (open circles). Its profile fit shown by solid line (a) is the sum

tisfact file fit of th . tal t hil of the magnetic contribution and of the nuclear contribution calculated for
a satistac er profile Tit of the expgrlmen al spectra, Whil€ o 5,3 structure with hydrogen atoms on octahedral sites ifdh€o
a mOde|.W|th hy(_jmgen rahdomly distributed over the .tetra'_ lattice. Curve (b) is the difference between the experimental and calculated
hedral sites (which are twice as many as the metal sites) isspectra.
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qualitatively unacceptable. Correspondingly, any admixture
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4d-metals of groups VI-VIII studied so far (s€d and ref-

of tetrahedral hydrogen makes the agreement between theerences therein). The first fundamental band of optical H vi-

calculation and experiment worse, and the model allowing
partial occupancy of sites of both types converges to 100%
occupancy of the octahedral ones.

The octahedral hydrogen coordination established/for
CoH is characteristic of all hydrides with close packed metal
lattices that are formed by transition metals of groups VI-VIII
[6]. The difference about 143 per metal atom per H atom
between the atomic volumes gfCoH and Cq[1] as well
as the interatomic distanc&Co—H) = 1.856\ and R(Co-
Co) :R(H—H):2.625& in y-CoH are typical of monohy-
drides of 3-metals of these groups.

3.2. Inelastic neutron scattering

The INS spectrum of-CoH is shown irFig. 3and looks
similar to the spectra of monohydrides of all other and
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Fig. 3. The dynamical structure fact§(Q, ) of y-CoH as a function of

the energy losgww of the inelastically scattered neutrons. The open cir-
cles connected by a solid line represent the spectrum gf@GeH powder
sample measured at 5K with the IN1 BeF spectrometer at ILL, Grenoble,
and corrected for the presence of neutrons of half the wavelength in the
monochromated incoming beam. The inset in (a) shows the low-energy por-
tion of the raw INS spectrum subject to the corrections (solid squares) and
the calculated contribution from thé2 neutrons (dashed curve). The dashed
curve in (a) shows results of the lattice dynamics calculations carried out to
estimate the spectrum of ‘acoustic’ vibrationsyifCoH at energies below
30meV. The dashed curve in (b) is the calculated multiphonon contribution
and the thick solid curve is the one-phonon spectrum-GioH.

brations consists of a strong peak centrelat = 102 meV

with a shoulder towards higher energies extending up to about
140 meV. The second and the third optical H band resulting
from multiphonon neutron scattering have a smoother inten-
sity distribution and appear at energies approximately two
and three times the energy of the fundamental band, respec-
tively.

The lattice part of the INS spectrum @fCoH at ener-
gies below 30 meV was calculated using the force constants
from the Born-von-Karman fit (dashed curve ifig. 3a) to
the fundamental optical peak. The longitudinglénd trans-
verse () force constants werd:(Co—Co)=25N/mL(Co—
H)=18.7 N/m, L(H-H) =2.5 N/m, T(H-H) =—1.5 N/m for
the nearest neighbours, anfi(H-H)=2.5N/m, T(H-

H) =0.8 N/m for the second nearest neighbours.

Using the estimated low-energy lattice part of the
vibrational spectrum of-CoH, the contribution from multi-
phonon neutron scattering was calculated in an isotropic and
harmonic approximation using an iterative techniffle As
one can see frorkig. 3, the calculated dashed curve rather
well describes the main features of the multiphonon part of
the experimental spectrum at energies above 150 meV.

The one-phonon spectrumpfCoH obtained by subtract-
ing the calculated multiphonon spectrum from the experi-
mental data is shown iRig. 3b by the thick solid curve. A
high-energy shoulder of the main optical peak is still clearly
seen in this spectrum. Such a shoulder is characteristic of
the vibrational spectra of all hydrides of the VI-VIII group
transition metals studied so far. Based on results for palla-
dium deuteridd9], its occurrence is usually ascribed to the
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Fig. 4. Energy of the main optical hydrogen peakyo, vs. the shortest
hydrogen—metal distanéefor various dihydrides with a fluorite-type struc-
ture (crosses)13] and for monohydrides of@metals (open circles) and
4d-metals (solid circles) (sg&] for references and discussion). The dashed
curve is a least-squares fit to the data for the dihydrides.
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dispersion of longitudinal optical phonon modes caused by gram “Physics and Mechanics of Strongly Compressed Mat-
long-range repulsive H-H interactions. ter” of the Russian Academy of Sciences.
As a function of the hydrogen—metal distari;ghe posi-

tionhwg = 102 meV of the main optical peak in the spectrum
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