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Abstract. Under high pressure of hydrogen (up to 200 MPa) has been synthesized 
deuteride of intermetallic compound NbVCo with hexagonal Laves phases 
structure. Maximum content of hydrogen was determined with thermodesorption 
method and corresponded composition NbVCoD2.5. The position of hydrogen and 
metallic atoms and occupation of the sites have been determined by X-ray and 
neutron powder diffraction. Have been demonstrated that V and Co atoms 
statistically distributed in sublattice of B-component (2a, 6h sites) and hydrogen 
atoms mainly occupied 24l and 12k sites, typically hydrogen sites in hexagonal 
Laves phases. 
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1. Introduction 

2 intermetallic compounds (IMC) with Laves phases structure are reversible 
absorbents of considerable amount of hydrogen and are interesting as potential 
hydrogen storage materials [1]. Experimental [2] and theoretical [3] investigation 
revealed, that maximum hydrogen content in these intermetallic compounds 
corresponds 6,0-6,5 atom at formula unit in case, when compounds contents 
hydrogen forming elements. IMC ZrVCo is typical example of such compound, 
crystallized in C14 structure type (hexagonal Laves phases) and easy absorbs under 
low pressure (up to 10 MPa) hydrogen until 2 3.3 composition [4]. At the same 
time, intermetallic compound NbVCo with the same structure and slight less cell 
volume (at 10%) doesn’t interact with hydrogen under usual conditions according 
[5].  The goal of the present work is to synthesize of NbVCo hydride under high 
pressure (up to 200 MPa) and make structural analyses with X-ray and neutron 
powder diffraction. 

2. Experimental 

The starting alloy NbVCo was melted from pure metals by using electrical furnace 
under inert atmosphere and quenched in evacuated quartz ampoule at 8000C
temperature during 240 hours. Hydride was synthesized at high pressure apparatus 
[6]. After synthesis sample of hydride was transferred into passive state by cooling 
to liquid nitrogen temperature and left at this temperature in air during one hour. 
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Amount of absorbed hydrogen was checked by thermodesorption method. All 
samples were analyzed by powder X-ray diffraction using a «ThermoARL» 
diffractometer ( Cu=1.5406 Å). Neutron data were obtained on «DISK» 
diffractometer at the «Kurchatov Science Centre». Deuterium rather than hydrogen 
has been used in order to reduce the incoherent scattering. Obtained results were 
refined with «Fullprof» and «Rietan» programs.

3. Conclusions 

X-ray analyses have been shown that the sample NbVCo is single phase and has 
C14 structural type with cell parameters (table 1) corresponding references [7]. 
Specific nature of IMC NbVCo is that X-ray make weak difference between V and 
Co atoms with the close atomic numbers and for neutron V atoms are invisible. 
Using both methods allowed to determine (table 2,3; Fig. 1,2) that in NbVCo Nb 
atoms located in 4f site (site of A atoms in 2) and V and Co atoms distributed in 
accordance with composition in 2a, 6h - B site in the hexagonal structure of Laves 
phase.

TABLE 1. X-ray and neutron diffraction data of NbVCo and NbVCoD2.5

Cell parameters Compositi
on

Structural
type a, Å c, Å V, Å3 V/V,

%
X-ray data 

NbVCo MgZn2 4.932(2) 8.03(1) 169 - 
NbVCoD2.

5

MgZn2 5.129(2) 8.38(3) 191 13.0 

Neutron data 
NbVCo MgZn2 4.916(2) 8.03(2) 168 - 

NbVCoD2.

5

MgZn2 5.129(2) 8.36(2) 190 13.1 

TABLE 2. Structural data of X-ray diffraction for NbVCo and NbVCoD2.5

CoordinatesAtom Site  Number of atoms 
in elementary cell x y z 

NbVCo
Nb 4f 4.00(2) 0.333 0.666 0.064(2) 
Co1 2a 0.98(3) 0 0 0 
V1 2a 1.01(3) 0 0 0 
Co2 6h 3.00(2) 0.830(2) 0.660(2) 0.25 
V2 6h 2.88(2) 0.830(2) 0.660(2) 0.25 

Rp=9.7%, Rw=7.5%
NbVCoD2.5

Nb 4f 4.00(3) 0.333 0.666 0.067(3) 
Co1 2a 1.20(3) 0 0 0 
V1 2a 1.08(2) 0 0 0 
Co2 6h 2.82(1) 0.831(2) 0.662(2) 0.25 
V2 6h 2.94(2) 0.831(2) 0.662(2) 0.25 

Rp=9.4%, Rw=8.6% 
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TABLE 3. Structural data of neutron diffraction for NbVCo deuteride 

CoordinatesAtom Site Number of atoms 
in elementary cell x y z 

Nb 4f 4.00(1) 0.333 0.666 0.087(3) 
Co1 2a 0.90(2) 0 0 0 
V1 2a 1.02(3) 0 0 0 
Co2 6h 3.30(1) 0.833(1) 0.666(1) 0.25 
V2 6h 2.94(1) 0.833(1) 0.666(1) 0.25 
D1 24l 6.48(2) 0.026(2) 0.338(3) 0.549(3) 
D2 12k2 1.68(1) 0.410(2) 0.820(2) 0.610(3) 
D3 6h1 0.48(3) 0.429(2) 0.858(2) 0.25 
D4 6h2 0.36(2) 0.201(2) 0.402(2) 0.25 

Rp=10.4%, Rw=9.5%,  RB=13.7%,  Nb4.00V3.96Co4.20D9.00

Figure 1.  X-ray diffraction patterns of NbVCo and NbVCoD2,5.
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Figure 2. Neutron powder diffraction patterns of NbVCo and  NbVCoD2.5

Sample of hydride, obtained under high pressure with maximum contents

Figure 2. Neutron powder diffraction patterns of NbVCo and  NbVCoD2.5.
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Sample of hydride, obtained under high pressure with maximum contents 
NbVCoD2.5, has been kept at liquid nitrogen temperature, than was reloaded 
quickly into special cryostat for neutron investigation and has been studied at low 
and room temperatures. Cooled samples for X-ray investigations have been studied 
at room temperatures and during heating process. X-ray and neutron data have been 
revealed small decreasing hydrogen contents in NbVCoD2.25 as heating result and 
father decreasing hydrogen until NbVCoD2.05 after long leaving at room 
temperature.

In accordance with calculations have been established, that in solid solution 
hydrogen occupied all sites with 2 2 coordination, typical for Laves phases (l, k, 
h1, h2), but with different probability (table 4). Generally hydrogen atoms occupied 
l and k sites (in rate 4:1), and in h site the occupancy is less than one atom at 
elementary cell of hydride (0,84) and this occupancy decreasing until 0,6 with 
lowering of the hydrogen content. 

TABLE 4. Atomic distances in NbVCoD

Blocked sites: *fully, **particularly. 

Obtained results have been shown that is clearly preference of the tetrahedral 
sites  (A2B2) occupancy with hydrogen (24l >12k2 >6h1>6h2). This circumstance 
was noted early for hydrides based on ZrVCo in [4], where was revealed analogues 
situation. Part of hydrogen atoms, located in the weak occupied sites 6h is small – 
about one atom at elementary cell. This portion of atoms is slightly dependents of 
temperature and is determined obviously as rejection of hydride composition from 
stoichiometry (AB2D2 for NbVCo and AB2D3 for ZrVCo). Portion of 
superstoichiometrical atoms (about one atom at elementary cell) approximately 
corresponds the number of 6h occupied sites. So, is possible to expect that with 
exactly stoichiometry will be occupied only 24l and 12k2 sites. In C14 hexagonal 
lattice around each A atom is possible to allocate a slight distorted hexagon, 
consisting of k, l, h1 and h2 sites (Fig. 3). Here we consider a possible occupancy of 
these sites with hydrogen in the framework of blocking interstices model, 
developed as for binary hydrides [8,9] and for hydrides of IMC [2,10]. This model 
corresponds of consideration of the nearest order in position of introduced atoms 
such way that probability of site occupancy with hydrogen atom, closest to the 
occupied site, is small or equal zero. According of the experimental data the 
blocking radius (R0) in different hydrides is hesitated about medium size 2,0 Å in 
diapasons 1,8-2,2 Å. This radius is necessary to compare with (k-l) and (h-h) site 
distances in hexagons (table 4,5; Fig. 3), which depend from lattice positional 
parameters of IMC and change with increasing of hydrogen concentration. If 
occupancy these hexagons with hydrogen were equally (without blocking), the part 
of k-site in (k-l) hexagon would be determinate by number of Wyckoff position and 
would correspond ½. If a blocking radius of l site is more  than  distance  until   

Atom d,Å Atom d,Å Atom d,Å 
Nb-Nb 3.12 Co-V 2.56 D1

1-D1
4 1.69* 

Nb-Co 3.00 V-V 2.57 D1
1-D2

2 1.80* 
Nb-V 3.01 D1

1-D1
2 0.85* D1

1-D1
3 1.99** 

Co-Co 2.57 D1
1-D2

1 1.02* D2
1-D2

2 2.30 

2.5
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Figure 3. Distribution of hydrogen atoms in NbVCoD2.5 structure.

closest  neighbors but less than distance of sites next for the closest (Fig. 3), the part 
of k-site would correspond . If R0 was more the distance of next for the closest, the parts 
of k-site would be equal zero. The situation for (h,h) hexagons is analogues. Therefore 
monosublattice occupation is probably only at large blocking radius, compact lattice and 
low hydrogen concentration.  In other cases must be multisublattice occupancy. 

In the investigated hydride of NbVCo, also as in hydride of ZrVCo, rate of occupied 
k and l site is close to ¼. This means that blocking radius equal approximately 1,9 Å and 
sites, closest to the hydrogen atom in l site, are completely blocked and free. Next sites for 
the closest are blocked particularly. These conclusions are confirmed by the data about 
hydrogen diffusion in interstitial sites [11]. In accordance with [11] the results of 
quasielastic neutron scattering have been shown, that H motion in hexagonal ZrCr2H0.5

(C14) corresponds of the intersite distance <r>=1,16 Å (<r> is the weighted average of the 
intersite distances until free (blocked) closest site. Therefore the presence of the 
preference in the hydrogen different site occupation in the hexagonal Laves phases (l-k-
h1-h2) reflects the fact of the close order (blocking) in distribution of hydrogen atoms 
(under condition of approximately energy equivalent of the site with equal coordination 
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2 2). In the complex lattice, unlike of simple solid solution, the idea of stoichiometry 
becomes more complex. It determined now as not a simple rate of a number of interstitial 
sites to a number of metallic atoms like in binary hydrides, but rate of a number of 
metallic atoms ranges to a number of hydrogen hexagon considering of different sites 
number and hydrogen average concentration in hexagon (for example AB2(D1

lD3
k)x).

TABLE 5. Atomic distances in ZrVCoD3.3 [4] 

Atom d,Å Atom d,Å Atom d,Å 
Zr-Zr 3.31 Co-V 2.73 D1

1-D1
4 1.83* 

Zr-Co 3.16 V-V 2.73 D1
1-D2

2 2.04** 
Zr-V 3.17 D1

1-D2
1 1.14* D1

1-D1
3 2.17 

Co-Co 2.61 D1
1-D1

2 1.15* D2
1-D2

2 2.49 

Blocked sites: *fully, **particularly. 

At present work has been established forming hydride with maximum content 
NbVCoD2.5 under high gaseous pressure. The structure of the hydride has been 
analyzed with X-ray and neutron powder diffraction and has been shown that 
hydride is the solid solution hydrogen in intermetallic compound. Have been 
revealed that hydrogen atoms occupied preferably l and k sites in the lattice and 
superstoichiometrical atoms located in h-sites. The explanation of preferably 
character of the hydrogen different sites occupation have been given on base of the 
idea of blocking sites, closest to hydrogen occupied inside of hexagon range. 
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