




Structure of fcc β-RH2+x



x

T,K

LaHx Phase Diagram  



LaHx (10 K)

x

2.63

2.50

2.43

2.33

2.25

2.03

2.00

2.75

3.00

40 80 120 140

Neutron Energy Loss (meV)

N
e
u

tr
o

n
 C

o
u

n
ts

LaH2

LaH3

FANS dataZING-P’ data

LaHx Vibrational Densities of States  



Isotope Dilution Spectroscopy of  β-Y(HxD1-x)2

Ht-Ht dynamic 

coupling 
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Isotope Dilution Spectroscopy of  β-Y(HxD1-x)2



Ho-Ordered LaH2.25 LaH2.50 and Structures  
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Low-T ordered arrangement of (042) planes containing the o-site H atoms



Ho Ordering in β-TbH2+x



Ho Sublattice Ordering in β-LaH2+x

isolated Ho

short-range-ordered (SRO) Ho
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Low-T Incommensurate Structure in β-LaD3-x
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LiBH4

Na2B12H12

Na2B10H10

NaCB11H12

LiCB11H12

Na3PSe4

Li7P3S11

glass-ceramic

Li10GeP2S12

Solid-State Ionic 
Conductivity

Order-Disorder 
Phase Transition

Ionic Conduction in Li and Na Hydroborates

MCB11H12

Tang et al. , Energy Environ. Sci. 8, 3637 (2015).
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Relative Anion Sizes of Hydroborate Anions
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LT monoclinic (P21/c)     ↔ HT cubic (Fmത3m)

Ttransition↓ ≈ 360 K

<108 anion 
jumps/s

>1010 anion 
jumps/s

Order-Disorder Phase Transition in Na2B10H10

Udovic et al. , Adv. Mat. 26, 7622 (2014).
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EISF’s for 1:1 LiBH4-LiI (hexagonal phase) 

125 K

200 K

125 K

200 K

1-D rotational diffusion + axial jumps

1-D rotational diffusion
(≥ 6-fold jumps)

BH4
- Dynamics of LiBH4-LiI

Verdal et al., J. Phys. Chem C 117, 12010 (2013).



Rotational Dynamics of B12H12
2- Anions

Verdal et al., J. Phys. Chem. C 118, 17483 (2014). 

Na2B12H12
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Na2B12D12

Na2B12H12

An activation energy of 260(20) meV is in agreement with that from NMR.  Jump 
frequencies for B12H12

2- are ~3x higher than those for B12D12
2- anions and orders of 

magnitude higher than Na+ cation diffusive jump frequencies.

Reorientational Jump Frequencies in Na2B12H12

1011-1012

anion 
jumps/s

108-109

cation 
jumps/s

Verdal et al., J. Phys. Chem. C 118, 17483 (2014). 



• uniaxial C4 jumps – 480 K

• uniaxial C6 jumps – 620 K

Despite a variety of possible reorientational mechanisms as a result of the disordered Na+

sublattice, anion reorientations in Na2B12H12 tend to be predominantly uniaxial in nature. 

model with 50% C6, 30% C4,

and 20% 3-D tumbling 

Rotational Dynamics of B12H12
2- Anions

Verdal et al., J. Phys. Chem. C 118, 17483 (2014). 

Na2B12H12
Na2B12H12



DCS
30 Å neutrons

2500 rpm – 23 kcts/min 
It was predicted and demonstrated that total cross section 
measurements with long wavelength neutrons were very sensitive 
to the total inelastic scattering that results from neutron-energy-
gain scattering processes involving large amplitude
vibrational or rotational modes in hydrogenous materials.
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