Morphology map of B-Li,PS, nanocrystal by Wulff
theory
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Introduction

B-LI;PS, Is very applied as a solid electrolyte in lithium batteries, it is excellent 1onic conductivity and Is stable with a metallic lithium
anode.[1] Many are studies dedicated to obtaining ideal characteristics for this material. However, as far as we know, there are no theoretical
works that discuss the changes in the morphology of the 3-Li,PS, and its possible crystal shapes, achieved through the modifications and
stabilization of its surfaces. MODALIS? is a multicountry European research program that aims to investigate new materials into next-
generation lithium-ion batteries to integrate electric vehicles. In this sense, supported by MODALIS?, this study proposes a morphology map
of all crystal shapes possibilities for B-Li,PS,, by applying the Wulff classical theory.

Theoretical model and methodology

B-Li,PS, (Pnma) structure
Bulk and surfaces [(221), (210), (001), (100),
(110), (010), (101), (011), and (111)] optimization

DFT/PBE

All-electron basis-set to
describe the atoms:
Li=6-11G
P=285-21d1G
S =86-311G*

Figure 2:Three-dimensional maps of the electronic charge density
superimposed to the electrostatic potential of B-Li,PS, surfaces
along z-direction: (a) (100) and (c) (011). The scale maps range
from negative (-) In blue to positive (+) In red.

Figure 1: Optimized Pnma structure of Li,PS, with Li Wyckoff
positions (4b’, 4c, 4d’, and 4d”).

Table 1. Surfaces termination (up/down), surface energy (Esurf,
J/im?), formation energy (Eq,,, In kd/mol), and bandgap (E,,, In eV) g f\ \
for the nine surfaces of B-Li1,PS, with 8 units each.
Termination E. Em E ya (100)
_ _ ~ (100) e (010)
(001) LIS,/LIS, 2.15 31.94 1.82 A
(100) LIS,/LIS, 0.91 2.19 4.66
(010) LIS /LI 1.83 5.16 2.70
(101) PS,/SPLI 8.20 54.10 0.46 (101)e(010) (100)
] @01
(011) PS,/Li 1.43 5.24 4.24 > = (010)
10)  SLijLi 227 32.22 1.99 l e
111 Li1S./LI 1 10.91 2 21
(111) 3 00 Figure 3: Morphology map of B-Li;,PS,. In the center, Is the ideal
(210) SPLI/LI 0.99 5.88 4.20 crystal. Each arrow indicates the direction of stabilization of one or
: : two surfaces by decreasing the E, . On the left, is the SEM of (-
(211) LIS,/SPLI 1.5/ 11.84 2.14 Li,PS, obtained by Hood and co-authors|[2].
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