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1. The necessity of electronic insulation of the interphase layers

The interphase layer does not have to be electrically insulating but only conducts electrons in the

direction of parallel to the interface (back and forth between the electrolyte and the electrode).

Though it used to be widely believed that the interface between the electrolyte and the electrodes

should be electrically insulating to protect the electrolytes, some recent researches found that mixed

ion-electron conductors can also be used as the interphase, as you said. We study these works very

carefully and find that these battery systems using the mixed conducting interphase (MCI) have two

characteristics in common: (1) The electrolyte and the electrode already have relatively good chemical

and electrochemical stability (LiTFSI-DOL/DME electrolyte and Li metal anode1, PEO electrolyte

and Li metal anode2, Ta-doped LLZO electrolyte+Li metal anode3, and Ti-doped LLZO electrolyte+Li

metal anode4); (2) The role of MCI is to conduct electrons parallel to the interface to guide a uniform

electric field. In the works above, they still avoid those electron conductions perpendicular to the

electrolyte and electrode interface. On the basis that SEI are electronic insulators, electronic

conducting additives can be added inside or on one side of SEI.

Given that, we stress the application scope of the proposed two-dimensional interface screening

method. For systems with poor electrolyte-electrode interface stability, the selection of interphases is

suggested to ensure the electrochemical stability of the interface first. For systems with good

electrolyte-electrode interface stability, mixed electronic-ionic interphases can be carefully designed

to further inherit the dendrites growth and improve the performance of the battery.

2. Structural and electronic details of bulk LGPS

Table S1 Structural and electronic details of bulk LGPS: lattice constants, angles, band gaps under

PBE and HSE06 functionals, respectively.

Lattice constants (Å) Angles (°) Eg (eV)

a b c α β γ PBE HSE06

8.747 8.747 12.869 89.994 89.998 90.471 2.28 3.37
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3. Structural, electronic, and mechanical details of monolayer 2D materials

At the very beginning, 24 kinds of 2D SEI candidates are considered. Their structural, electronic,

and mechanical parameters are listed in Table S2. Among them, 6 kinds of candidates have not been

fabricated successfully but hold the phonon dispersion without imaginary frequency. For them, we

calculate the exfoliation energies to judge their thermodynamic stability. h-BN is added for

comparison. The exfoliation energies (Eexf) of the 2D materials are calculated as follows5

(1)

where E2D, Ebulk refer to the total energy of isolated 2D materials and the corresponding most stable

bulk structure with the same atom amount, respectively, and A refers to the in-plane area in the bulk

structure. The most stable bulk structures of h-BN and α-BNyne are known6, 7 To find the most stable

bulk counterpart for the rest ones, different stacking types have been considered. The most stable bulk

structures we found are framed by red squares, as shown in Fig. S1.

The calculated exfoliation energies of the seven materials are listed in Table S3. Marzari et al.

obtain the exfoliation criterion through the statistical results of the exfoliation energy discrepancy in

interlayer distances when calculated with the vdW and non-vdW functionals.8 According to their

criteria, the materials with exfoliation energies smaller than 30 meV/Å2 are easily exfoliable, those

with 30~130 meV/Å2 exfoliation energies are potentially exfoliable, and those with exfoliation

energies larger than 130 meV/Å2 are difficult to exfoliate. Thus, among the seven materials, all the

boron nitride compounds are easily exfoliable, and GeC is potentially exfoliable. In combination with

the dynamical stability, these seven 2D materials have the potential to be SEI layers.
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Table S2. Structural, electronic and mechanical details of three types (graphene-like, graphene nanomesh-like and graphyne-like from the top view) of monolyaer 2D materials:
energy band gap (Eg) using LDA, GGA, HSE, GW approximations, respectively, inscribed circle diameter (di), in-plane stiffness (C), and available situations in experiment
(Stable/Unstable represents its phonon dispersion hasn’t/has imaginary frequency). The materials in each type are listed by band gaps (Eg) under GGA functional. The “strikeout”
indicates that the index of this material does not meet the corresponding coarse sieve criteria.

Structure

types
Materials

Eg (eV)
di (Å) C (N/m)

Experiment

availableLDA GGA GGA this work HSE HSE this work GW

Graphene

-like

h-BN 4.609 4.6910, 11, 4.5612-14 4.68 5.7015, 5.5612-14 5.7 6.3-7.116, 7.4-8.412 2.99, 2.5111 2819, 27117 Yes18

chair-graphane 3.38519, 4.629 3.720, 3.521, 3.47719 3.43 4.38319 4.38 6.0520, 5.7421 2.622, 2.53920 2469, 24320 Yes23

chair-fluorographene 3.524 3.220, 3.121, 25 3.13 5.125, 4.93319 5.21 7.4220, 7.421 2.620 2329, 22620 Yes22

AlN 3.0826 3.0727, 2.9115, 2.7128 2.78 4.0415 3.93 5.7526 3.0926 11626 Yes29

SiC 2.5226 2.5510, 2.5330 2.56 3.431, 3.3515 3.35 3.8926 3.0726 16626 Yes32

GeC 2.0926 2.0533 2.05 2.8715 2.83 3.5626 3.2226 14226 Stable26

GaN 2.2726 2.1615, 1.9627 2.21 3.4415, 3.2334 3.47 4.5826 3.2026 11026, 34, 545.99 GPa35 Yes29

2H-WS2 1.9836 1.8137, 1.6427 1.78 2.2938, 1.9339 2.23 2.8436 3.1336 15136 Yes36

2H-MoS2 1.8736 1.810, 1.6737, 1.5927 1.64 2.2538, 1.8839 2.28 2.5736 3.1136 13836 Yes36

GaP 1.9226 1.6815 - 2.6515 - 3.526 3.8426 5926 Stable26

Graphene

nanomesh

-like

COF-1 - 3.5040 3.58 - 4.58 - 15.4241 4140 Yes41

COF-5 - 2.2540 - 4.042 - - 30.0241 1740 Yes41

C2N 1.7143 1.7744, 1.7045, 1.6646 1.69 2.4743 2.47 3.7543 5.547 7147 Yes45, 48

g-C3N4 0.7149 1.1949 1.1050 - 2.7051 - 2.8852 4.7653 171~46250 Yes54, 55

MoCl3 - 0.810 - - - 1.210 3.256 - Yes56

MoBr3 0.5610 - - - - - - -

Graphyne

-like

γ-BNyne - 4.2357, 4.2111 4.26 - 5.7 - 4.057 - Stable57

6,6,12-BNyne - 4.1757 4.25 - 5.68 - 4.857 - Unstable57

α-BNyne - 4.1257 4.15 - 5.55 - 7.157 160 GPa58 Stable57

β-BNyne - 4.1157 4.14 - 5.54 - 7.257 - Stable57

BNdiyne - 3.8511, 59 3.92 - 5.32 - 5.059 - Stable11

BNtriyne - 3.8111 3.77 - 5.11 - 7.111 - Stable11

graphdiyne 0.4660 0.5361, 62 - 1.1061 - 1.162, 63 5.559 12364, 12065 Yes65, 66

graphyne 0.5267 0.4668 - 0.9668 - 1.2569 4.068 170 ~ 24065, 16664 Yes70, 71
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Table S3. Exfoliation energy of seven 2D materials.

Materials Eexf (meV/Å2)
h-BN 26.15
γ-BNyne 10.42
α-BNyne 14.96
β-BNyne 19.04
BNdiyne 13.45
BNtriyne 9.79
GeC 103.20

Figure S1. Structural diagrams of bulk (a) h-BN, (b) γ-BNyne, (c) α-BNyne, (d) β-BNyne, (e)

BNdiyne, (f) BNtriyne, and (g) GeC. The corresponding lattice constant a, c, and energy per atom E

are listed below. The structures framed by red squares are the most stable ones we find.

Then, we get 16 kinds of 2D materials that meet the above three requirements in the coarse sieve.

They are ML h-BN, graphane, fluorographene, AlN, SiC, GeC, GaN, 2H-WS2, 2H-MoS2, COF-1,

C2N, γ-BNyne, α-BNyne, β-BNyne, BNdiyne, and BNtriyne, respectively. The initial structures are

built in terms of the structural parameters reported in the literature. The structural diagrams are shown

in Fig. S21, and the corresponding references are listed in Table S4. Geometry optimization is

performed with common convergence thresholds of 10-3 eV Å-1 in force and 10-5 eV in energy.
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Figure S2. Top views and side views of h-BN, graphane, fluorographene, AlN, SiC, GeC, GaN,

2H-WS2, 2H-MoS2, COF-1, C2N, γ-BNyne, α-BNyne, β-BNyne, BNdiyne, and BNtriyne monolayers.

Table S4. Lattice constants of 16 kinds of 2D materials and the corresponding references.

Materials Lattice constant a (Å) References

h-BN 2.510 Chem. Phys. Lett. 2018, 694, 102-106

graphane 2.539 Phys. Rev. B 2010, 82, (19), 195436

fluorographene 2.600 Phys. Rev. B 2010, 82, (19), 195436

AlN 3.168 Phys. Status Solidi B 2019, 256, (8), 1800759

SiC 3.096 Phys. Rev. B 2010, 81, (7), 075433

GeC 3.220 Phys. Rev. B 2009, 80, (15), 155453

GaN 3.200 Phys. Rev. B 2009, 80, (15), 155453

2H-WS2 3.190f Physica B Condens. Matter 2011, 406, (11), 2254-2260

2H-MoS2 3.190 Physica B Condens. Matter 2011, 406, (11), 2254-2260

COF-1 15.020 Beilstein J. Nanotechnol. 2010, 1, 60-70

C2N 8.330 Appl. Phys. Lett. 2015, 107, (23), 231904

γ-BNyne 7.010 Comput. Mater. Sci. 2017, 136, 12-19

α-BNyne 7.110 Comput. Mater. Sci. 2017, 136, 12-19

β-BNyne 9.660 Comput. Mater. Sci. 2017, 136, 12-19

BNdiyne 9.630 Chem. Phys. Lett. 2018, 694, 102-106

BNtriyne 12.260 Chem. Phys. Lett. 2018, 694, 102-106



S7

There are 9 materials left after the fine sieve. In the graphene-like materials, there are h-BN, AlN,

SiC, and GeC left. h-BN has much larger electrochemical windows than the rest, so h-BN is selected

for the subsequent investigation. In the graphene nanomesh-like materials, no candidate meets the

requirement. In the graphyne-like materials, there are γ-BNyne, α-BNyne, β-BNyne, BNdiyne, and

BNtriyn left, and they have similar performance. To compare the five boron nitrogen compounds, the

Atomistix ToolKit 2016 software package is adopted to gain the interface models. LGPS unit cell and

three types of BNyne unit cells are used. In general, the strain and atom numbers are negatively

correlated, and the time for calculating is proportional to the cubic number of atoms at least. Given

that, the interface models are better to have less than 150 atoms and acceptable strains at the same

time. The details for each interface with the most suitable atom numbers are listed in Table S5. With

the similar numbers of atoms, LGPS/γ-BNyne and LGPS/BNtriyne have too large strains to calculate.

LGPS/α-BNyne, LGPS/β-BNyne, and LGPS/BNdiyne hold small strains when they strain to both

surfaces equally. Besides, α-BNyne is studied much more widely than β-BNyne and BNdiyne as far as

we know. On the whole, we choose α-BNyne as 2D SEI as a representative of graphyne-like materials

for further investigation. But in actual, γ-BNyne is also of the value of further research since the

severe mismatch problem is not expected to appear in the experiment.

Table S5. Atom numbers and strains for LGPS/γ-BNyne, LGPS/α-BNyne, and LGPS/β-BNyne

interfaces. ε’ represents the maximum of ε11, ε22, and ε12. ε represents the mean absolute strain.

The structural diagrams of h-BN and α-BNyne are shown in Fig. S3 and their pores are marked in

green. The lattice constants a, b, and inscribed circle diameter di are also marked in the diagram. We

interfaces atoms
Strain 2D SEI’s surface Strain to both surfaces equally

ε’ ε ε’ ε

LGPS/γ-BNyne 136 12.35 17.92 -8.17 5.74

LGPS/α-BNyne 132 -12.65 4.23 6.75 2.26

LGPS/β-BNyne 136 -9.46 4.69 -4.96 2.46

LGPS/BNdiyne 136 -9.17 4.83 4.81 2.47

LGPS/BNtriyne 124 -29.24 15.53 13.45 7.17
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can qualitatively divide h-BN into 2D materials with small-size pores and α-BNyne into those with

large-size pores. For h-BN type 2D materials, the pristine pores are too small for Li-ions to flow

through pores, then some point defects or line defects are needed. For α-BNyne type materials, the

pristine pores are large enough for Li-ions to flow through directly.

Figure S3. Top views of optimized ML (a) h-BN and (b) α-BNyne. The green shaded areas are the

pores of the 2D sheets. The lattice constants (a and b) and inscribed circle diameter (di) are marked in

the diagram.

4. The electrochemical window

The electrochemical window is the electrochemical potential range where the electrolyte will

neither be reduced nor oxidized, with the lower limit being the reduction potential and the upper limit

being the oxidation potential in the voltage scale. The cell can be electrochemically stable only when

the electrochemical potential (their Fermi potential) of the anode and cathode are both within the

electrochemical window. It takes the Fermi potential of metallic lithium in lithium metal battery

(LMB) as the zero baseline. Taking Li10GeP2S12 (LGPS) as an example, its electrochemical window is

1.71-2.14 V, which means that the reduction potential is 1.71 V, and the oxidation potential is 2.14 V.

Since its reduction potential is higher than the Fermi potential of metallic lithium, LGPS is unstable

against the lithium metal anode. On the electronic energy scale, the upside-down relationships need to

be inverted. It corresponds to the reduction energy level of LGPS being 1.71 eV lower than the Fermi

level of lithium metal. The schematic diagram of the electrochemical windows under the potential

scale and the energy scale are depicted in Fig. S4.
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Figure S4. Schematic diagram about the electrochemical window under (a) the potential scale and (b)

the energy scale. The upside-down relationship between the two is inverted.

5. The interface modeling

The surface energy Esurface is defined as follows to determine the thermodynamic stability of slab

models

)(
2
1

bulkslabsurface EE
A

E 

where Ebulk, Eslab, and A refer to the total energy of bulk LGPS unit cell, LGPS slab unit cell, and the

sectional area, respectively. The LGPS slabs are obtained by adding vacuum space to bulk LGPS unit

cell in the c direction. One bulk LGPS has six layers of inequitable PS4- or GeS4- tetrahedron.

According to the structural feature, there are six possible slabs terminated with PS4 or GeS4

tetrahedron, as shown in Fig. S5.

The surface energies of these six slabs are listed in Table S3. The lower of Esurface, the more stable

of the surface. The s6-PS4 terminated slab has the lowest surface energy. Thus, the LGPS/Li,

LGPS/h-BN/Li, and LGPS/α-BNyne/Li interface structures are all constructed with s6-PS4 terminated

slab. The structural and electronic details of the LGPS/(2D SEI)/Li Interfaces are listed in Table S6.
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Figure S5. Six possible slabs with PS4 or GeS4 tetrahedron terminated, marked from s1 to s6. The

bottom five layers of tetrahedrons are fixed uniformly, while the surface tetrahedron-layer is unfixed

and relaxed.

Table S6. The surface energies (Esurface) of six possible PS4 and GeS4-terminated structures.

Structures Esurface (eV/Å2)

s1-PS4 terminated 0.026

s2-GeS4 terminated 0.052

s3-PS4 terminated 0.044

s4-GeS4 terminated 0.048

s5-PS4 terminated 0.048

s6-PS4 terminated 0.025
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Table S7. Structural and electronic details of the LGPS/Li, LGPS/h-BN/Li and LGPS/α-BNyne/Li

interface structures: lattice mismatches (ε) of the LGPS slab/ML 2D materials interfaces (LGPS-2D)

and the ML 2D materials/Li metal interfaces (2D-Li), respectively, vertical distances (h) of the

LGPS-2D and 2D-Li interfaces, respectively, formation energies (Eform), and Li diffusion barriers

along the interfaces (ΔEal) as well as across the interfaces (ΔEac). The LGPS/h-BN/Li structure has a

pair of B-N vacancies in the barrier calculation across the interface.

Structures
ε (Å) h (Å) Eform

(eV/atom)
Li diffusion barriers

(eV)LGPS-2D 2D-Li LGPS-2D 2D-Li ΔEal ΔEac
LGPS/Li 1.31% - - 0.0627 0.23 0.26

LGPS/h-BN/Li 2.70% 1.31% 2.40 2.28 0.0136 0.28 0.29

LGPS/α-BNyne/Li 2.26% 1.22% 2.85 2.79 -0.0047 0.09 0.15

6. Hybrid states in LGPS/Li interface

To make the “hybrid states” more clear, we project the density of states to each orbital of the

elements involved. Since the hybrid states appear in L2 and L3 in LGPS/Li interface, we focus on

these two layers. As shown in Fig. R6, the hybrid states in L2 are mainly contributed by p orbital of S

element, and that in L3 are jointly contributed by p orbital of P element and p orbital of S element.

These hybrid states confirm that LGPS and lithium metal will react to form unstable interfaces.

Figure S6. PDOS of L2 and L3 in LGPS/Li structure. The hybrid states in L2 are mainly contributed

by p orbital of S element, and that in L3 are jointly contributed by p orbital of P element and p orbital

of S element.
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7. Energy barriers in the LGPS/2D SEI/Li interfaces

(1) The low energy barrier when along the LGPS/α-BNyne/Li interface

The low energy barrier is found along the LGPS/α-BNyne/Li interface and it is speculated to be

related to the structure of α-BNyne and the environment of the interface.

In Fig. S7(a), the intrinsic α-BNyne has relatively large lattice constants of a = b =7.11 Å and a

large pore. The total energy of the Li adsorbed α-BNyne is hardly changed when the Li atom is

located close to the center of the pore. This implies that the diffusion of the Li atom near the pore

center is less affected by α-BNyne. We further performed the climbing-image nudged elastic band

(CI-NEB) calculation. As shown in Fig. S7(b), the energy barrier of the Li atom migrating in the pore

of the α-BNyne monolayer is 0.34 eV, which is also consistent with the variation of the total energy

according to the energy map.

Besides, the environment of the interface may lessen the energy barrier further. In terms of the

Bader charge analysis, we found that the charges of the Li metal around the migration path change

greatly while those in α-BNyne and LGPS barely change during the Li migration. It can be speculated

that the Li metal helps the migration of the Li atom along the interface by redistributing the valence

charge.

Figure S7. (a) Energy map the intrinsic α-BNyne monolayer with its top views. (b) Energy profile of

one Li atom migrating in the pore of the α-BNyne monolayer. The blue, nude, and purple spheres

represent N, B, and Li atoms, respectively.
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(2) The barrier difference when across the LGPS/h-BN(BNV)/Li interface

The diffusion barrier of Li on the free-standing h-BN layers with vacancies (h-BN(BNV)) is 0.92

eV, as reported in the previous literature72. The diffusion barriers according to our CI-NEB

calculations are 0.29 and 0.76 eV when the Li atom migrates from LGPS side to h-BN(BNV) and the

Li metal side to h-BN(BNV), respectively. The barriers in the interface are smaller than those in

literature. It is speculated that the barrier difference is the result of the interfacial environment, and the

difference between LGPS and the Li metal results in the barrier variation under the two directions. To

further investigate the influence of the interfacial environment, the bond lengths and Bader charge of

the free-standing h-BN(BNV) and h-BN(BNV) between Li metal and LGPS are listed in Table S8.

The initial states and transition states are chosen for comparison. Compared with those in the

free-standing h-BN(BNV), the changes of the bond lengths of the migrating Li atom and its

surrounding B, N atom, and the changes of their Bader charge from the initial state to the transition

state are both smaller in the interface. Therefore, the change of the Coulomb attraction of the h-BN

layer to the Li-ion is smoother in the interface, and thus the energy barrier is smaller.

Table S8. Bond lengths (L) and Bader charge (Q) with the migrating Li atom in the free-standing

h-BN(BNV) and the LGPS/h-BN(BNV)/Li interface. Subscripts i and t represent the initial and

transition states, respectively.

Atoms
Free-standing h-BN h-BN in the interface

Lt-Li (Å) Qt-Qi (e) Lt-Li (Å) Qt-Qi (e)
Li - 0.042 - 0.039
B1 0.040 -0.025 -0.070 -0.025
B2 -0.074 -0.049 -0.224 -0.011
B3 -0.171 0.001 -0.026 -0.002
B4 -0.447 0.044 -0.325 0.000
B5 -0.331 -0.017 -0.225 0.008
B6 -0.222 -0.005 -0.163 0.003
B7 -0.150 -0.013 -0.088 -0.013
N1 -0.207 0.044 -0.237 0.024
N2 0.106 -0.011 -0.123 -0.017
N3 0.023 -0.001 -0.054 -0.010
N4 -0.409 -0.010 -0.149 0.006
N5 -0.509 0.000 -0.367 0.025
N6 -0.067 0.079 -0.090 -0.001
N7 -0.216 -0.036 -0.109 0.016
Total -2.634 0.044 -2.250 0.043
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(3) The large energy barriers when away from the interfaces

The enlarged diffusion barriers are believed as the result of the longer path, which reflects a more

comprehensive migration situation. When the Li atom moves deeply into LGPS or the Li metal, the

energy becomes high due to the limitation of the applied slab model in which the atoms away from the

interfaces are fixed and cannot flow out when the selected Li atom squeeze in.

Figure S8. Energy profiles of Li-ion moving across the interface of the (a) LGPS/h-BN(BNV)/Li and

(b) LGPS/α-BNyne/Li systems. The gray, green, pink, yellow, nude, and blue spheres represent Li, Ge,

P, S, B, and N atoms, respectively. In each illustration, the red spheres mark the migration path of the

selected Li-ion, and each of them corresponds to an image, both from the left (LGPS) to the right (the

Li metal).

8. Barriers with multiple 2D sheets

With the increase of the layer number of 2D sheets in the interface, the internal environment

becomes closer to the pristine multiple 2D sheets. And also limited by the computational power, we

simulate the Li-ion migration in the slabs with multiple 2D sheets and compare the influence of the

number of 2D sheets.

A slab with 4 layers of AB-stacked h-BN is constructed, and two pores that do not wholly overlap

each other from the top view are set in the two inner layers of h-BN, just to make the situation more

general. As shown in Fig. S9(a), there is a negligible energy barrier when Li-ion moves close to the

first pore. Then, the energy drops by 0.24 eV when the Li-ion passes through the first pore and then

rises by 0.30 eV when it passes through the second pore, indicating that the energy is much lower

when the Li-ion is sandwiched between two pores. Based on the initial structural energy, the Li-ion
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migrating through two layers of h-BN holds an energy barrier of 0.06 eV and an energy well of 0.24

eV. The energy barrier is even much smaller than the energy barrier (0.38 eV) for the Li-ion migrating

through the h-BN monolayer with the same pore. It is worth noting that when the Li-ion migrates

between multiple h-BN layers, h-BN layers shift. To further investigate the local situation between the

two pores, the total energies of the unshifted h-BN slab (Image 1) and shifted h-BN slab (Image 4)

with a Li-ion adsorbed on different locations are further calculated, respectively. According to the

energy maps in Fig. S9(c), the energy is lower when the Li-ion is closer to the center of the pore.

Compared with the unshifted h-BN slab, the shifted one has a more even energy distribution, which is

likely to reduce the energy barrier.

A similar analysis is carried out for the slab with 4 layers of AB-stacked α-BNyne. As shown in Fig.

S10(a), the two energy peaks (Image 3 and 7) appear when the Li-ion is in the α-BNyne layer during

the whole migrating process. The Li-ion is closer to the BN chain in Image 3 and is closer to the

center of the hexagonal pore in Image 7, which can explain the energy difference between these two

images. Between the two peaks, there is an energy valley of Image 6. Based on the initial structural

energy, the energy barriers of the Li-ion migrating through the first pore and the second pore are 0.41

and 0.06 eV, respectively. By contrast, when the Li-ion passes through the α-BNyne monolayer from

the center of the intrinsic hexagonal pore, there is an energy well of 0.12 eV, rather than an energy

barrier; that is, the Li-ion prefers to stay in the plane of the α-BNyne monolayer. As shown in Fig.

S10(c), the energy is low when the Li-ion close to the center of the pores, and there is a rhombic

overlap of the low energy area from the top view. In the α-BNyne slab, the Li-ion migrates through

the low energy channel (around x = 5 Å, y = 1.5 Å), and no obvious shift occurs in the α-BNyne slab.

Thus, the Li-ion migrating paths and barriers depend on the specific local situation of the α-BNyne

sheets.

To conclude, according to the first-principles calculations, the shifts of h-BN layers decrease the

energy barrier. And the migration barrier in the α-BNyne slab varies, depending on the specific

environment.
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Figure S9. (a) Energy profiles of the Li-ion migrating through the two inner pored h-BN layers the
slab with 4 layers of h-BN with top views of Image 1 and 4. Two pores that do not wholly overlap
each other from the top view are set in the two inner layers of h-BN. (b) Side view of h-BN layers and
(c) its energy maps when one Li-ion is placed between the two inner layers in the unshifted h-BN slab
(h-BN in Image 1) and shifted h-BN slab (h-BN in Image 4), respectively. Δz is defined as the
difference of the vertical distance between the Li-ion and the middle point of the two inter h-BN
layers.

Figure S10. (a) Energy profiles of the Li-ion migrating through the two inner α-BNyne layers the slab
with 4 layers of α-BNyne with top views of Image 1 and 3. (b) Side view of α-BNyne layers and (c)
its energy maps when one Li-ion is placed between the two inner layers in the unshifted α-BNyne slab
(α-BNyne in Image 1). Δz is defined as the difference of the vertical distance between the Li-ion and
the middle point of the two inter α-BNyne layers.



S17

9. The kinetics of electron and Li-ion transport vs. thermodynamics

The relationship between the kinetics and thermodynamics of electron and Li-ion transport is very

complicated.

According to the Hammond-Leffler rule, the smaller the energy difference between the reactants

and the products, the smaller the reaction activation energy and the faster carrier transport in general.

And the thermodynamics of electron and Li-ion transport can be measured by the Gibbs free energy of

the reactants and the products based on density functional theory (DFT).

The kinetics of electron transport can be calculated by the nonequilibrium Green’s function (NEGF)

combined with DFT. An electric field can be applied to the interface between the semi-infinite

electrolyte and the semi-infinite electrode. The calculated transmission spectra and scattering states

could provide key information of the electron transport under bias. However, the relationship between

thermodynamics and kinetics in batteries is rather complicated and needs a lot of computations.

Though such kind of simulation is time-consuming considering the large model and limited

computing power, it might be feasible in the near future when the computational capacity improves.

The kinetics of Li-ions can be calculated by ab initio molecular dynamics (AIMD) simulation.

However, a decent model of the interested system (Li metal/2D materials/LGPS interfaces) are

estimated to include a few thousand atoms. Performing such AIMD simulation in the macroscopic

time scale remains challenging due to the current limited computational power.

Though we didn’t investigate much here, the thermodynamics and kinetics of the electron and ion

transport is an interesting and challenging topic. We encourage readers of this article to propose

feasible methods to study it in detail.
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