
c

b

b

c

La1 La2 La3

Ni3

Ni4

Ni1 Ni2

B2

B3

B1

La

Ni2

Ni1

B

Empirical formula LaNi

3

B LaNi

3

BH

~

2.7

Formula weight

325.85 325.85 (no H atoms)

Space group Imma Cmcm

a/Å 4.9698(8) 10.769(2)

b/Å 7.1337(8) 16.164(3)

c/Å 8.3001(9) 7.6414(12)

V/Å

3

294.26(7) 1330.2(4)

Z, D

c

/(g⋅cm

–3

) 4, 7.355 16, 6.508

2θ
max

/° / completeness/% 65.6 / 95.4 50 / 96.2

R

int

/ R

sigma

0.0304 / 0.0127 0.1154 / 0.0654

Refl. collected / unique 2112 / 322 3787 / 667

Data / restraints / parameters 322 / 0 / 19 667 / 0 / 51

Final R indices [I > 2σ(I)] R

1

= 0.0247, wR

2

= 0.0543 R

1

= 0.0684, wR

2

= 0.1600

R indices (all data) R

1

= 0.0250, wR

2

= 0.0545 R

1

= 0.0868, wR

2

= 0.1673

Goodness-of-fit on F

2

1.153 1.148

Largest diff. peak and hole/e⋅Å–3

3.2(3) and –2.1(3) 2.5(4) and –1.7(4)
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Synthesis

Alloy:

Deuteride:

arc-melting, the phase

autoclave hydrogenation

- room temperature, 5-100 bar D2

LaNi B

3

appears only after annealing at 800C

LaNi BD

3 ~2.5-3

LaNi B

3

LaNi BD

3 ~2.5-3

: Apart from a unit cell doubling along    and    the structure

expands in the plane (by up to ~8%) and

:      Four deuterium positions tend to be fully occupied in stoichiometric LaNi BD :

D1, D2 La

2

Ni

2

tetrahedron, D3 La

3

Ni

3

prism, D4 La

2

Ni

3

TBP;

La-B planes do not accommodate hydrogen.

Cell expansion

D atom sites

a b

a-b

3 3

− − −

contracts along (by ~3%)c .

Ni atoms environment:

Ni1 - -square B D ;

Ni2 - strongly distorted B D  tetrahedron;

Ni3, Ni4 - TBP with 3D plus 2B in apices

cis

2 2

2 2

with a use of                                        facilities

Symmetry: changes upon hydrogenation

according to a group-subgroup sequence:

[2] [2] (  ´ = 2  , ´ = 2 ),

´ and ´ interchanged to use the standard setting

Imma Pmmb Bmmb

Cmcm

−> a a  c c

b c

−>

Synchrotron powder diffraction on the alloy and hydride

samples confirmed our observations of the structure

transition, resulting in a single-crystal-like quality of the

structural parameters derived by Rietveld refinement.

a structure transition has been monitored by X-ray diffraction

on a measured before and after hydrogen treatment

For the first time

single-crystal

Single crystal data for LaNi B and LaNi BH .

3 3 ~2.7

b

a

Ni4

D2 D2

D4

D3

Ni1

Ni3

D1

D1

D1

Ni2

2 theta, deg

La

c

a

La1

La2

La3

b

a

Ni prisms (triangles

on the projections),

centred with B atoms

(black spheres).

upon hydrogenation.

Rearrangement of

La atoms within

the channels

explains uniaxial

cell contraction

Two dimentional

Ni framework-D

unique

in the LaNi BD

3 2.73(4)

in metal hydride structures
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Weight increase, %

Pressure-composition isotherm of LaNi BH

at 20°C; max. H-content 2.4 H/f.u. (1st cycle)

3 x

Absorbs hydrogen at

near ambient conditions

Absorbs hydrogen at

near ambient conditions

The same thermal ellipsoid for Ni2 atom

as from single-crystal data

I
n
t
e
n
s
i
t
y

,
 
c
o
u
n
t
s

2theta, deg

alloy LaNi

3

B – annealed 800C – synchr 0.500 Å

deuteride LaNi

3

D

2.7

– 5 bar, 20C – synchr 0.50 Å

The

symmetry of

the structure lowers from

to

( )

upon

hydrogenation!!!

Imma Cmcm

a = 2a  b = 2b´ ,   ´

!

!

!

!

STOE

IPDS II

D

2

D

2

Neutron

double-walled V-cylinder

powder diffraction

in a

,HRPT instrument at PSI 1.494 Å

Powder station

at SNBL (ESRF)

Thermal displacements for

the Ni2 and La atoms

in the alloy structure

foresee site symmetry

degeneration observed in

the structure of the hydride.

95% and 50% probability anisotropic

thermal ellipsoids are shown for

LaNi

3

B and LaNi

3

BH

~2.7

structures

(single crystal XRD).

HRPT

at PSI

Neutron

powder

diffraction

D

2


