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A) Stability of alkali-metal graphite intercalation compounds

Table S1. The calculated formation energies (Er in eV/f.u.) of AM-GICs (AM = Li, Na and K)

for different AM concentrations.

Compound | Number of Ey, eV/tu. Stage | Low-energy
atoms in the stacking
supercell
AB- AA- AA-stacking™®
stacking | stacking

Li
LiCq 6Li,36C -0.054 -0.246 -0.299 | AA
LiCg 2L, 16 C -0.032 -0.218 -0.290 I AA
LiCy, 3Li,36C 0.081 -0.058 -0.166 11 AA
LiCys 1Li,36C 0.043 -0.039 -0.182 I AA
LiCs; 1Li,32C -0.008 0.005 -0.281 I AB
LiCs, 1Li,32C 0.000 0.093 -0.193 IV AB
LiCs4 1 Li, 36C -0.028 0.001 -0.321 11 AB
LiCgq4 1 Li, 64C -0.053 0.176 -0.397 II AB
LiCy, 1Li,72C -0.078 0.239 -0.403 I AB
LiCy, 1Li,72C -0.077 0.279 -0.362 v AB

Na
NaCq 6 Na, 36 C 0.193 0.061 0.007 I AA
NaCg 2Na, 16 C 0.210 0.058 -0.014 I AA
NaCy, 3 Na, 36 C 0.357 0.221 0.114 11 AA
NaCig 1 Na, 36 C 0.252 0.189 0.046 11 AA
NaCs, 1 Na,32C 0.303 0.308 0.021 11 AB
NaCs, 1 Na,32C 0.213 0.303 0.016 v AB
NaCsg 1 Na, 36C 0.304 0.323 0.001 11 AB
NaCggy 1 Na, 64C 0.568 0.676 0.103 11 AB
NaCp, 1 Na, 72 C 0.610 0.746 0.104 11 AB
NaCr, 1 Na, 72 C 0.262 0.615 -0.026 v AB

K
KCs 6K,36C -0.124 -0.197 -0.251 I AA
KCs 2K, 16 C -0.134 -0.199 -0.271 I AA
KCy, 3K,36C 0.073 0.032 -0.076 11 AA
KCi 1K,36C 0.028 -0.027 -0.170 11 AA
KCs, 1K,32C 0.055 0.064 -0.222 11 AB
KCs, 1K,32C 0.002 0.095 -0.191 v AB
KCsg 1K, 36C 0.012 0.062 -0.260 11 AB




KCe4 1 K, 64C 0.562 0.689 0.117 11 AB
KCp, 1K,72C 0.738 0.902 0.260 11 AB
KCrp, 1K,72C -0.013 0.367 -0.274 IV AB
* computed with respect to AA-stacked graphite
B) Structural deformation and binding energy contributions
Table S2. Contributions to the formation energy of AMC, (AM = Li, Na and K).
Compound | Stacking/Stage Eger, eV/f. Eying, eV/fu. Ey, eV/fu.
AM = Li
LiCq AA /I 0.090 -0.336 -0.246
LiCqg AA /1 0.117 -0.335 -0.218
LiCy, AA /1T 0.167 -0.225 -0.058
LiC6 AA /1T 0.193 -0.232 -0.039
LiCs; AB /11 0.132 -0.140 -0.008
LiCss AB/1I 0.133 -0.161 -0.028
LiCqgy AB /11 0.131 -0.184 -0.053
LiCqpy AB /11 0.144 -0.222 -0.078
LiCs; AB/1V 0.098 -0.098 0.0
LiCyp, AB/1V 0.120 -0.197 -0.077
AM = Na
NaCq AA /1 0.199 -0.138 0.061
NaCg AA /I 0.249 -0.191 0.058
NaCj, AA /I 0.293 -0.072 0.221
NaCig AA /1L 0.343 -0.154 0.189
NaCs, AB/1I 0.475 -0.172 0.303
NaCsg AB /11 0.521 -0.217 0.304
NaCe4 AB/1I 0.681 -0.113 0.568
NaCr, AB/1I 0.672 -0.062 0.610
NaCs, AB/IV 0.261 -0.048 0.213
NaCr, AB/IV 0.511 -0.249 0.262
AM =K
KCs AA /I 0.278 -0.475 -0.197
KCs AA /1 0.351 -0.550 -0.199
KCyp, AA /1L 0.383 -0.351 0.032
KCis AA /I 0.464 -0.491 -0.027
KCs, AB /11 0.719 -0.664 0.055
KCss AB/1I 0.807 -0.795 0.012
KCe4 AB/1I 1.362 -0.800 0.562




KCqp AB/1I 1.506 -0.768 0.738
KCs, AB/1V 0.365 -0.363 0.002
KCrp, AB/1V 0.799 -0.812 -0.013

C1) Bond length and interlayer distance of AMC,

Table S3. Comparison of the in-plane (d

in - plane ) )
¢-C ) and the interlayer distances between graphene

layers in the optimized structures of AMC, (AM = Li, Na and K) with experimental and theoretical

studies. For stage-II structures the interlayer separation is given separately for the layer with (

occ

¢ -C) and without (

non — occ

are underlined. Color code: carbon (brown), alkali metal (green).

C-C ) intercalated alkali metal. The results obtained in the present study

dTlOEl —gCC
din E;zlgne’ COECC, A dTlOg_—gCC’
A
LiCs (AA-D) 1.439. 3.595, -
1.440 [1], 3.64 3],
1.492 [2] 3.697 [1],
3.70620.01 [4],
3.705 [5]
c=17.40 [6]
LiCs (AA-D) 1.443. 3.597 -
1.440 [7] -
LiCy, (AA-IT) 1.429, 3.677. 3.305,
1.429 [5], dpy = 3.49 [3], 3.27 [3]
1.431[1], 3.586 [1],
1.431[7], ¢ =7.065+0.02 [4],
1.429 [2] c=7.0321[2],
c=17.04[6]




LiC 4 (AA-IT) 1.432, 3.678 3.382
1.429 [7] day =3.53 [3]
NaCs (AA-I) 1.442 4.366 -
NaCs (AA-T) 1.442, 4.405 -
1.439 [7]
NaCp, (AA-II) | 1431, 4.417 3.286
1.432 [7]
NaC ¢ (AA-IT) 1.432, 4.449 3.379
1.431 [7]
KCs (AA-]) 1.437, 5.308, -
1.44 [8, 9], 5.53[8, 9],
1.429 [10], 5.514[10],
1.436 [7] 5.35[11]
KCi, (AA-TI) 1.431, 5.297, 3.284
1.43 [12], 5.32[12],
1.429 [10], 5.353[10]
1.430 [7]
KCi6 (AA-II) 1.430, 5.360, 3.360,
1.4319], 5.613 [9], 3.474 [9],
1.427 [10], 5.600 [10] 3.253 [10]
1.429 [7]
C2) Contributions to the structural deformation energy for AMC,
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Figure S1. Energy contributions to the structural deformation energy (Eq.r) of the AMC,
(AM = Li, Na and K)) for different AM-rich binary GICs compounds, possessing the AA-
stacking of the graphite layers (6 <x < 16). The Eged(din) and Eg.(AB—AA) contributions

are defined using Eq.(5) - Eq.(6).




Table S4. Energy contributions to the structural deformation energy (Eg.) of the AMC, (AM =
Li, Na and K) for different AM-rich binary GICs compounds, possessing the AA-stacking of

the graphite layers (6 <x < 16). The E4ef(din) and Eqe{ AB—AA) contributions are defined using

Eq.(5) - Eq.(6).

Energy contributions | Li | Na K
AMCq
Eger, meV/fiu: 91 199 278
Es ABD>AA), meV/fu 35 3 -
Ege(diny), meV/fu 36 196 278
AMC;y
E4er, meV/fu: 117 249 351
E4{AB—AA), meV/fu 50 3 -
Ege(dint), meV/fu 67 246 351
AMC,,
Eger, meV/fou: 167 293 383
Es( AB—AA), meV/fu 122 110 109
Ege(din), meV/fu 45 183 274
AMC16
E4er, meV/fou: 193 343 464
Es AB—AA), meV/fu 137 110 103
Eseddiny), meV/fu 56 233 361

D1) Comparison of the cohesive and ionization energies of alkali metals

Table S5. The calculated cohesive and ionization energies of AMs (Ej,,), as well as the
difference between the ionization energy of AMs and the electron affinity of graphite (Ex =

4.76 eV), compared with other literature data.

Li Na K
Cohesive energy, eV 1.60, 1.09, 0.87,
1.58 [13] 1.13[13] 0.98 [13]
Ionization energy, eV 5.59, 5.36, 4.46,
5.39[14, 15] 5.14 [14,15] 4.34[14,15]




Eion (AM) -
EA(Graphite), eV

0.83,
0.59 [15]

0.60,
0.34 [15]

20.30,
0. 46 [15]

D2) van der Waals energy of AM-GICs

Table S6. The van der Waals energy contribution to the binding energy in AMCy (AM = Li, Na,

K) is estimated by subtracting the dispersion correction part D3 of infinite (20 A) layer separation

from the dispersion correction part D3 of graphite with the interlayer distance as in the AM-GIC.

Li

Na

K

E,qw, meV

-321

-157

-67

D3) Energy contributions to the formation energy of Li-GICs

Table S7. Comparison of the energy contributions to the formation energy of stage-I LiCq and

stage-II LiC;,, obtained by employing different density functionals. The contributions to the

structural deformation energy are computed using Eq.(5)-(6). The binding energy contributions,

see Eq.(8), are obtained using Eq.(2)-Eq.(4).

Energy contributions PBE-D3 (BJ) | optB88-vdW optB86b- revPBE-vdW
vdW

LiCe
Eger, eV/fu: 0.090 0.124 0.128 0.085
EqAB—AA), eV/fu 0.034 0.030 0.033 0.020
Eseldiny), €V/Eu 0.056 0.094 0.095 0.065
Eping. eV/fu: -0.336 -0.345 -0.343 -0.157
Eop €V 1.606 1.586 1.641 1.541
EionELi), oV 5.587 - 5.502 5.695
Ex(Graphite), eV 4.76 4.8 [15] 4.8 [15] 4.8 [15]
[Eion(Li) - Ea(Graphite)], eV 0.83 - 0.702 0.895

-2.771 - -2.685 -2.593

(EVdW + Eelstat/cov)a eV

LiCy,
E4er, eV/fu: 0.167 0.235 0.267 0.117
I (AR AAY oV fw 0.122 0.148 0.174 0.071




Ealldin), eV/fu 0.045 0.087 0.092 0.046
Eyina. €V/f: 20222 20512 20,540 20.236
Eo eV 1.606 1.586 1.641 1.541
EoiL), oV 5.587 - 5.502 5.695
E(Graphite), eV T T T o8
Bior(L1) - Ea(Graphite)], eV 2,657 - 22.882 2.672

(EVdW + Eelstat/cov)s eV
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