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A Determination of partial charges

Table SO: Partial charges
Atom type =~ REPEAT 00X DDEC

CrEo 0.2823  0.2823 -0.0086
Hpeo -0.0036 -0.0036 0.0644
OrEo -0.5502  -0.5502 -0.2404
Larrzo 2.0530  2.1000 1.8744
Lippo, Lirzzo  0.8370  0.7000  0.8160
Orrz0 -1.3530 -1.4000 -1.3050
Zrrrzo 2.1090  2.8000 2.1624
Crrsi 0.2930  0.2930 0.2856
STFsI 0.8545 0.8545 0.8323
OT1Fsi -0.4440 -0.4440 -0.4324
NrFsi -0.5520 -0.5520 -0.5386
Frrsy -0.1340  -0.1340 -0.1306

All density functional theory (DFT) calculations were performed with the generalized-
gradient approximation (GGA) using the Perdew-Burke-Ernzerhof (PBE) [1] functional to-
gether with Grimme’s D3 dispersion correction [2] as implemented in CP2K package [3]. In
order to account for the nuclear cores Godecker-Tetter-Hutter [4] norm-conserving pseudo po-
tentials were used. Double- { shorter-range (DZVP-MOLOPT-SR-GTH) basis sets [5] were
used to expand the Kohn-Sham orbitals. Periodic boundary conditions were used in all 3 di-
mensions for all calculations.

In order to determine partial charges on PEO atoms a single repeating unit of the polymer
was placed in the simulation box to create an infinite chain in y-axis with 10 A vacuum in x and



z axes. Moreover, a planewave cutoff and real cutoff were equal 600 Ry and 60 Ry respectively
while Gaussians were mapped onto 5 grid levels. The accuracy of an SCF cycle was kept at
the level of 1-107%. Cell optimisation calculations were performed in order to determine a
converged number of repeating units in the box. The convergence criterion was that the cell
length per PEO unit was changing by less than 1 %. The converged polymer length was fount
to reach 8 repeating units with final ABC cell vectors equal to 10.000 A, 56.682 A and 10.000
A respectively.

For the purpose of obtaining partial charges for LLZO atoms an ab initio Molecular dynam-
ics was performed in the NVT ensemble with a time step of 0.5 fs to obtain 100 ps of trajectory.
The temperature was kept constant at 400 K by means of a Nose-Hoover thermostat with a time
constant of 20 fs and a chain length of 3. Here, a planewave cutoff and real cutoff were equal
400 Ry and 50 Ry respectively while Gaussians were mapped onto 5 grid levels. The accuracy
of an SCF cycle was kept at the level of 5-10~7. Cubic box had a length equal to 12.943 A.
236 configurations were extracted from the MD runs in order to obtain meaningfully averaged
partial charges.

Next, single point calculations were performed for both the PEO structure and LLZO snap-
shots to obtain REPEAT [6] charges as implemented in CP2K [3] as well as electron density
with (1,1,1) stride. Finally, the obtained electron densities were used as input for CHARGE-
MOL package to fit partial charges with DDEC6 [7], [8] method. An average was taken to
determine partial charges of each species. The final results are listed in Table SO.

B Trajectories

Fig. S1: Last 100 ns of Ciflf:%inal trajectories in LONG:LiTFSI and SHORT:LIiTFSI systems.
In the SHORT:LiTFSI simulations, only Cg’ggnal that are found within 3 A from a surface
are selected. Red, white and blue spheres indicate the beginning, middle and the end of the
trajectory. Purple spheres indicate the LLLZO phase.



Fig. S2: Last 100 ns of TESI™ trajectories in LONG:LiTFSI and SHORT:LiTFSI systems at
several layers in the simulation box, here anion is identified by the positions of Ntgrg- atom.
Red, white and blue spheres indicate the begging, middle and the end of the trajectory. Green
spheres are all Li™ in the system.



C Number of Li in LLZO phase and its surface
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Fig. S3: Number of Li* found in the LLZO crystal structure and its surface as a function of
the simulation time.



D Density plots

0.6_ T T T T T T T T T T T T T
PEO LLZO PEO
0.5F
------ DDEC
0X
0.41 i i | -—- REPEAT
¥
_ ol ]
% 0.2 ; ] ﬁ E ,'
= v || 2 iR E E E
> o 1 it & & i3 I3
0.1} 2 3 181 B E B
. A 4 j; ,’I ’}. i A : i :i 5 (1] ] E i L |:
0.0 e e i e s haarFF ',2}:;,'3 g ik .'r:h.'l,&fﬁ A
RS R R
—oul il LT VT A RO Y T ’#'%
: ¥

Fig. S4: Charge density profiles ¢(z) centered around the LLZO phase. The yellow background
indicates the 4 A (arbitrary thickness) interface region.
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Fig. S5: Atom number density profiles p(z) centered around the LLZO phase. Comparison
of results of the simulations with different polymer chain lengths without the LiTFSI in the
polymer phase, zoom: a) at the L-LLZO surface and b) at the R-LLZO surface. The yellow
background indicates the 4 A (arbitrary thickness) interface region. Blue and purple back-
ground are the PEO and LLZO phase respectively.
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Fig. S6: Atom number density profiles p(z) centered around the LLZO phase. Comparison of
results of the simulations with different polymer chain lengths, zoom: a) at the L-LLZO surface
and b) at the R-LLZO surface. The yellow background indicates the 4 A (arbitrary thickness)
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interface region. Blue and purple background are the PEO and LLZO phase respectively.
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