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1. The defect structures

L

Defect structures were computed by initializing the Vii or the “!i at different places

(with respect to the counter charge defect) in a 3x3x3 supercell and then minimize
the energy using the conjugate gradient algorithm as discussed in Section 2 of the

main text. We considered totally three types of charge neutral defect pairs, i.e., the

Vi 2V1iV0) and the Li interstitial

LiCl Schottky pair ( VCl), the Li,O Schottky pair (

with a sustitional O on Cl site. (Lli—OCl).

For the VilVa case, there are 6 inequivalent Vii sites with respect to the Ve in

a 3x3x3 supercell. So there are 6 different LiCl Schottky structures which are shown

in Fig. S1 (a). For the Li; O, case, when the the Li; is initially positioned close to the
OCl, a Li-O dimer forms in the relaxed structure. We found that a small variation of

the initial Li; position could lead to different orientations of the oxygen-lithium
dimer in the end structure. 3 orientations of the Li-O dimer were obtained in our

Li} 0

calculations and they are shown in Fig. S1 (b). When the ~"i-~Cl are separated, the

interstitial Li inserts into the lattice by forming a Li-Li dumbbell. Due to the possible

combinations of Li-Li dumbbell orientations and Li-Li dumbbell positions (with

respect to the OCl), the number of Li; O, structures is large. In Fig. S1 (b), we show

the ones we computed. For the 2VVo case, although there are also large number

of possible structures due to the combination of Vii sites, we only calculated 4

structures and they are shown in the main text (Fig. 3)



(a) (b)

Separated 2(104 meV)  Separated 3(74 meV) Separated 4 (811 meV)

Separated 4 (743 meV)

Fig.S1 The computed defect structures of (a) the LiCl Schottky pair (VLi—VCl) and (b)

the Li interstitial with a substitutional O on the Cl site (Lii—OCl). Arrows and hollow
o Ve V. . 0.,

squares are used to highlight the * €l (black) and the " Li(red) in (a) (~ ¢! (black) and

the Lli(red) in (b)).



2. The calculation of defect binding energies
We calculated the defect binding energies to quantitatively study the defect
interactions. The calculation of binding energy is conducted using a supercell

approach following the work by M. Nakayama et al. *

Ebinding = ZEisolated - (Eperfect + Epair)

E

where Ebinding, isolated, Eperfect, and Epair are the binding energy of a defect pair,

the energy of a perfect supercell, the energy of a supercell containing the defect pair

and the energy a supercell containing the individual defect, respectively. To be more

specific, the binding energy of ViVa in the main text is calculated using a 3x3x3

supercell by

E..
bdeLi - VCl

where EbindVLi ~Ver E(Lig;047Cly7) E(Ligg027Clag) E(Ligi057Cly6 + lel) E(Ligg0y7C1y7 ~ lel)

VLi

ViV pair, the energy of a 3x3x3 supercell with one " Li,

are the binding energy of a

the energy of a 3x3x3 supercell with one VCl, the energy of a 3x3x3 supercell with

no defects and the energy of a 3x3x3 supercell with a VilVa pair. For all energy

calculations, we used the lowest energy structure as discussed in previous section
and assumed the same chemical potential of the electron reservoirs when

considering the charged individual defects. !



3. The low energy migration pathways

For the computation of the low energy lithium migration pathways, we used 3x3x3

|4

supercells containing one g pair (Li80027Cl26). By taking advantage of the

periodic boundary conditions we were able to consider three different separations

between VCl's (11.7 A, 16.4 A and 20.2 A). For each separation, we picked only

pathway out of all the possibilities. The calculation of a specific pathway was done by
manually choosing VL'i sites as intermediate steps (intermediate structures). For
example, in Fig S2 (a), the intermediate structures are NN, 3NN, 4NN, 3NN and NN,
which means one Li ion on 3NN will first jump to NN site, then another Li ion on 4NN
site will jump to 3NN site, etc. Energy barrier of each jump was then calculated
based on DFT-NEB using 5 images. Fig S2 shows the three calculated Li migration
pathways. TS x_y (x and y are the name of the intermediate structures) is used to

represent the transitional states between the intermediate structures x and y. Red

squares are used to highlight the Vii positions during the migration process.
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Fig.S2 The migration pathways between two * Cl's separated by a distance of (a) 11.7

A, (b) 16.5 A and (c) 20.2 A and the corresponding energies. The NN (Nearest
Neighbor), 3NN (the third Nearest Neighbor), 4NN (the forth Nearest Neighbor),
SEPx (Separated x) clarify where the Li vacancies are. They correspond to the

structures shown in Fig. S1. TS states are used to represent the transitional states

between global or local minima. Red squares are used to highlight the Vii positions

during the migration process.



4. Typical MSD curves

Mean squared displacements were computed in order to determine the Li ion
diffusion coefficients as described in Section 2 in the main text. Fig.S3 presents
typical MSDs of Li in defect-free, Li deficient and Li excess systems. In agreement
with reported results, the displacements of Li ions in defect-free systems do not
grow with time which means Li ions are vibrating around their stable positions with
no effective jump.3 The slope of MSDs in the LiCl deficient systems are bigger than
that of the Li excess and the Li,O deficient systems corresponding to a higher
mobility of Li ions in LiCl deficient systems than the other two. Another difference
between the three sets of MSD curves as shown in Fig.S3 is the smoothness. The
rougher curves for the Li; 95000.9,5Cl and the Lis 9500,.950Cl5 950 Systems compared with
the Li; 9500Clyg50 Systems indicate a longer time for the charge carrier to make an

efficient jump.
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Fig.S3 Typical mean squared displacements of lithium ions in (a) LizOCl (b)

Li2.9500Clo 50 (€) Liz.95000.925Cl and (d) Lis.05002.950Cl2.950
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