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Novel fast Li-ion conductors for solid-state electrolytes from first-

principles

Tushar Singh Thakur,*® Loris Ercole,* and Nicola Marzari®b-

The following sections exhaustively illustrate the MSD plots de-
rived from FPMD simulations of all the structures discussed in the
main text.

S1 Fast Li-ion conductors

We discover 9 novel fast Li-ion conductors that exhibit significant
diffusion at low temperatures along with desirable activation en-
ergy. We show the MSD plots at 1000 K, 750 K, 600 K and 500
K.
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Fig. S1 MSD(t) plot of Li along with host-lattice species of Li4CO4 at
all temperatures studied with FPMD.

We show the iso-surface plots at 600 K for the oxides and ni-
tride.
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Fig. S2 MSD(t) plot of Li along with host-lattice species of LisCO4 at
all temperatures studied with FPMD.
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Fig. S3 MSD(t) plot of Li along with host-lattice species of LiCsl, at all

temperatures studied with FPMD.
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Fig. S4 MSD(t) plot of Li along with host-lattice species of LisCsBrs at

all temperatures studied with FPMD.




Li1gCs12Br3g - 0 at 1000 K: 844.39 mS/cm
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Fig. S5 MSD(t) plot of Li along with host-lattice species of Li3CsyBrs

at all temperatures studied with FPMD.
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Fig. S6 MSD plot of Li along with host-lattice species of Li7NbOg at all

temperatures studied with FPMD
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Li1gCs12/30 - 0 at 1000 K: 1112.52 mS/cm
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Fig. S7 MSD plot of Li along with host-lattice species of LizCs;I5 at all
temperatures studied with FPMD

Fig. S8 MSD plot of Li along with host-lattice species of LiCs3Cly at all
temperatures studied with FPMD




Li24M018045 -0at 1000 K: 54.14 mS/cm

3.5 A N
—— D;j=1.1-10"59
3.09 —— Dyo=3.1-10"92
25 = Do=1.9-1079%
< 2.0
)
8 1.5
)
=10
0.5 A
0.0
0 10 20 30 40 50 60
Time t (ps)
Lio4M01804g - 0 at 750 K: 32.56 mS/cm
121 — DLi=4.7-10‘7%72
—— Dmo=1.1-10"8¢2
1.0 — Dp=7.8-10"9<
% 0.8
=
5 0.6
%)
= 0.4
0.2 1 —
0.0 —
0 10 20 30 40 50 60 70
Time t (ps)
Lio4M01804g - 0 at 600 K: 31.74 mS/cm
1.0{ — Dy=1.4-107¢%
—— Duo=87-1079¢"
0.81 = Dp=9.1-10"2¢
= 0.6
2
204
0.2 1
0.0 1
0 20 40 60 80 100
Time t (ps)
Li24M018048 -0 at 500 K: 6.36 mS/cm
—— D;=6.5-10"8¢2
—— Duo= —2.5-107°¢
0.6 Mo ]
—— Do= —2.6-10799"
<
= 047
a
(%)
=
0.2 1
0.0 1
0 20 40 60 80 100 120 140 160

Time t (ps)

Fig. S9 MSD plot of Li along with host-lattice species of LiyMo030g at

all temperatures studied with FPMD
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Fig. S10 MSD plot of Li along with host-lattice species of LisNaN, at

all temperatures studied with FPMD
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Fig. S13 Li-ion density of LiyMo3;0g at 600 K from FPMD. The pink
clouds illustrate Li-ion diffusion in this material in a layered fashion, es-
tablishing this materials as a 3-dimensional Li-ion conductor even at lower

Fig. S11 Li-ion density of Li4yCO4 at 600 K from FPMD. The pink
and yellow channels clearly illustrate Li-ion diffusion in this material, temperatures.
establishing this materials as a 3-dimensional Li-ion conductor even at

lower temperatures.

Fig. S14 Li-ion density of LisNaN, at 600 K from FPMD. The pink and
yellow clouds illustrate Li-ion diffusion in a dispersed fashion, establish-
ing this materials as a promising 3-dimensional ionic conductor at lower

Fig. S12 Li-ion density of Li7NbOg at 600 K from FPMD. The pink and
yellow clouds depict Li-ion diffusion in a dispersed manner, establishing
this materials as a robust 3-dimensional ionic conductor at lower temper-

atures. temperatures.
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S2 Potential fast Li-ion conductors

We identify 25 structures that exhibit significant diffusion at 1000
K in our FPMD simulations, but do not display the same behaviour
at lower temperatures. We show the MSD plots at 1000 K, 750 K,

600 K and 500 K.
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Fig. S18 MSD plot of Li along with host-lattice species of LiyTi4O9 at

all temperatures studied with FPMD
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Fig. S22 MSD(t) plot of Li along with host-lattice species of LigSeN, at
all temperatures studied with FPMD.
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S3  Non diffusive structures

We find 18 materials that do not exhibit Li-ion diffusion in our

FPMD simulations at 1000 K. We show the MSD plots only at 1000

K as we did not run FPMD at other temperatures on account of

not being able to resolve diffusion at 1000 K.
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Fig. S43 MSD plot of Li along with host-lattice species of LiKSe at 1000
K studied with FPMD
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Fig. S44 MSD plot of Li along with host-lattice species of LiY'S, at 1000
K studied with FPMD
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Fig. S45 MSD plot of Li along with host-lattice species of LilnSe, at
1000 K studied with FPMD

Liy6Al16S32 - 0 at 1000 K: -0.08 mS/cm
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Fig. S46 MSD plot of Li along with host-lattice species of LiAlS, at 1000
K studied with FPMD
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Fig. S47 MSD plot of Li along with host-lattice species of LiLuS, at
1000 K studied with FPMD



LizgF403¢Te12 - 0 at 1000 K: 0.01 mS/cm
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Fig. S48 MSD plot of Li along with host-lattice species of Li;Te309F at
1000 K studied with FPMD
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Fig. S49 MSD plot of Li along with host-lattice species of LisSiP; at
1000 K studied with FPMD

Li3eBi6035Rb5 - 0 at 1000 K: -0.09 mS/cm
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Fig. S50 MSD plot of Li along with host-lattice species of LigRbBiOg at
1000 K studied with FPMD
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Fig. S51 MSD plot of Li along with host-lattice species of LiAuFy at
1000 K studied with FPMD
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Fig. S52 MSD plot of Li along with host-lattice species of LisNa3zGa,Fi»
at 1000 K studied with FPMD
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Fig. S53 MSD plot of Li along with host-lattice species of LiZrS, at
1000 K studied with FPMD
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Fig. S54 MSD plot of Li along with host-lattice species of LiCdSnSey
at 1000 K studied with FPMD
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Fig. S55 MSD plot of Li along with host-lattice species of LiBasGasSe|2
at 1000 K studied with FPMD
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Li;2FagNai2Rhg - 0 at 1000 K: 0.19 mS/cm
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Fig. S56 MSD plot of Li along with host-lattice species of LizNa3zRhyFy
at 1000 K studied with FPMD

Lf24H912024 -0 at 1000 K: 0.02 mS/cm
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Fig. S57 MSD plot of Li along with host-lattice species of LiHgO, at
1000 K studied with FPMD

Li10Ca10050Ta15 -0 at 1000 K: -0.22 mS/cm

11— b pa3d -t
0081 ) —6,4-10-105#
0.054 —— -1.1-10710m
< -5.6-107°"
& 0.04 1
=
= 0.03
w
= 0.02
0.01 A
0.00 A I
0 10 20 30 40 50
Time t (ps)

Fig. S58 MSD plot of Li along with host-lattice species of Li;Ca;Ta301
at 1000 K studied with FPMD

$22 | S1-922)



	Fast Li-ion conductors
	Potential fast Li-ion conductors
	Non diffusive structures

