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Sensors, electrolytes, energy storage systems: the fields of application for solid-state ion
conductors are diverse. Scientific, as well as economic, interest in them is still on the rise.
High-temperature neutron diffraction gives access to averaged positions of the atomic nu-
clei and their precise displacements, even when dealing with notoriously elusive chemical
species like lithium ions. Notably, the high cost and ethical implications of such experi-
ments, which are predominantly conducted at nuclear research reactors, demand the best
possible evaluation (cf. Fig. 1).

If they are of adequate quality, data acquired from single-crystal or powder diffraction
permit modeling of anharmonic thermally activated displacement. This enables the vi-
sualization of diffusion pathways and the determination of associated migration barriers
via evaluation of probability-density function (PDF) and effective one-particle potential
(OPP) [1, 2].

But what about low-quality datasets or model failure? In these cases, an examination of
the scattering-length density reconstructed via maximum-entropy methods (MEM) may at
least yield semiquantitative results [3]. As a supplement, heuristic means, or with difficult
data, topological analyses are helpful. Within them, the framework of static species is
searched for voids that are accessible for mobile ions. Representations of the procrystal-
void surface provide quick insight into possible pathways, whereas Voronoi-Dirichlet par-
titioning (VDP) allows classifying them according to their suitability for certain ions [4].

Figure 1: Methods for evaluation of neutron-diffraction data with different quality de-
mands.

[1] Lithium Diffusion Pathways in 3R-LixTiS2: A Combined Neutron Diffraction and Computational
Study, D. Wiedemann, M. M. Islam, S. Nakhal, A. Senyshyn, T. Bredow, M. Lerch, J. Phys. Chem.
C 119 (2015) 11370.

[2] Unravelling Ultraslow Lithium-Ion Diffusion in γ-LiAlO2: Experiments with Tracers, Neutrons, and
Charge Carriers, D. Wiedemann, S. Nakhal, J. Rahn, E. Witt, M. M. Islam, S. Zander, P. Heitjans,
H. Schmidt, T. Bredow, M. Wilkening, M. Lerch, Chem. Mater. 28 (2016) 915.

[3] Single-Crystal Neutron Diffraction on γ-LiAlO2: Structure Determination and Estimation of
Lithium Diffusion Pathway, D. Wiedemann, S. Indris, M. Meven, B. Pedersen, H. Boysen, R. Uecker,
P. Heitjans, M. Lerch, Z. Kristallogr. – Cryst. Mater. 231 (2016) 189.

[4] LiBi3S5 – A Lithium Bismuth Sulfide with Strong Cation Disorder, S. Nakhal, D. Wiedemann,
B. Stanje, O. Dolotko, M. Wilkening, M. Lerch, J. Solid State Chem. 238 (2016) 60.

This work is licensed under a Creative Commons Attribution 4.0 International License. 
To view a copy of this license, visit http://creativecommons.org/licenses/by/4.0/

1




