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Please report your samples, experimental method and results, discussion and conclusions.  Please add figures and 
tables for better explanation. 

 Name of sample(s) and chemical formula, or compositions including physical form.

1. 7Li7P3S11 crystal 
2. (7Li2S)70(P2S5)30 glass 
3. (7Li2S)60(P2S5)40 glass 

Experimental method and results.  If you failed to conduct experiment as planned, please describe reasons. 

   Li2S–P2S5 glasses are promising candidates as solid electrolytes in all-solid-state lithium-ion 
batteries, because they show high ionic conductivities (~10–4 S/cm) at room temperature (RT) [1]. 
Furthermore, Li7P3S11 metastable crystal, which can be prepared by aging (Li2S)70(P2S5)30 glass, 
shows more than 10–3 S/cm at RT [2]. The aim of this study is to observe the motion of Li ions in 
the 7Li2S–P2S5 glasses and the 7Li7P3S11 metastable crystal. Quasi-elastic neutron scattering 
(QENS) is a powerful tool for directly observing the motion of ions in solids. Even though the 
incoherent scattering cross section for 7Li nucleus is relatively small (σinc(7Li) = 0.78 barn), we can 
observe the QENS spectrum associated with the thermal self-diffusion for the 7Li ions due to the 
high flax of neutron beam generated by the 1-MW pulsed-spallation neutron source in the 
J-PARC/MLF. In this work, we performed QENS experiments using the DNA at the BL02 beam 
line: the energy resolution of the DNA is 3.6 μeV [3]. 
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Experimental method and results (continued) 

   (7Li2S)x(P2S5)100−x glasses (x = 60 and 70) and 7Li7P3S11 metastable crystal were synthesized by 
mechanical alloying (MA). The three-dimensional structures and the predicted conduction 
pathways of Li ions in the 7Li2S–P2S5 glasses and the 7Li7P3S11 metastable crystal have been 
studied by combining the reverse Monte Carlo (RMC) modeling and the bond valence sum (BVS) 
approach using time-of-flight (TOF) neutron diffraction data (BL21 NOVA, J-PARC/MLF) [4]. 
The samples were placed in a cylindrical silica tube (12 mm in diameter and 0.5 mm in thickness), 
and then put into a cylindrical Al holder under a high-purity argon gas atmosphere. The QENS 
data were collected in the Q range of 0.07–1.86 Å−1 at 150 K, 300 K, 373 K, 423 K, and 473 K, 
where Q is the magnitude of the scattering vector. 
   S(Q, E) data for the (7Li2S)x(P2S5)100−x glasses (x = 60 and 70) and the 7Li7P3S11 metastable 
crystal were collected using the DNA. Figure 1 shows the temperature dependence of S(Q = 0.35 
Å−1, E) spectrum for the 7Li7P3S11 metastable crystal. The QENS spectrum around the elastic peak 
(E = 0) was clearly observed with increasing temperature. In order to get the dynamics information 
such as the jump distance, < l >, and the residence time, τ0, for Li ions, further investigations are 
now in progress. 
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Fig. 1. Temperature dependence of S(Q, E) spectrum for the 7Li7P3S11 metastable crystal 
(Q = 0.35 Å−1).  


