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Fig. S1: Top and side view of the (a) octagonal unit cell of HaeckP and (b) Optimized geometry
of a 2 x 2 supercell of Haeck-P.
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Fig. S2: (a) The relationship between the bandgap values and the number of Haeck phosphorene
layers. (b) The strain tunable bandgap properties of Haeck Phosphorous.
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Fig. S3: The top and side views of possible Li (left) and Na (right) adsorption sites on the
surface of HaeckP. (a) Li/Na adsorption on the top of the octagonal hollow position, (b) on the
center of square hollow position, (c) Above the top of phosphorous. The green, purple and

yellow balls represent P, Li, and Na atoms, respectively.
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Fig. S4: Ab-initio molecular dynamics simulations. (a) 500K, and (b) Structure of Haeck P
showing various bonds to distinguish the change in bond lengths and bond angles.
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Fig. SS. Ab-initio molecular dynamics simulations at 300K and 500K under different
stoichiometry. (a) LiosP (b) NaysP (c) LiP (d) NaP
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Table S1: Calculated Bandgap and thickness of few layers HeackP.

Number of Layers Bandgap (eV) Thickness (A)
1 2.00 1.24
2 1.86 7.24
3 1.80 13.24
4 1.77 19.24
5 1.76 25.24
6 1.75 31.24

Table S2: Calculated structural and electronic properties of HeackP by the application of

strain.
% Of strain Lattice constant Thickness (A) Bandgap in eV Bandgap in
(A) (PBE) eV (HSEO06)
-12 5.68 1.357 0.20 -
-10 5.81 1.336 0.23 -
-8 5.94 1.316 0.25 1.48
-6 6.07 1.296 0.88 2.10
-4 6.20 1.278 1.44 2.63
-2 6.33 1.260 1.95 2.90
0 6.46 1.245 2.00 2.96
2 6.59 1.231 1.98 2.70
4 6.72 1.219 1.89 2.69
6 6.84 1.207 1.80 2.59
8 6.97 1.196 1.48 2.47
10 7.10 1.188 1.01 -
12 7.23 1.181 0.63 -

Table S3: Calculated single Li/Na adsorption energies at the octagonal hollow position of

Haeck P with different vdW corrections.

Procedure

Eadinev (Li)

Eadin ev (Na)

vdw-DF

-1.77

-1.31
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vdw-DF2 -1.83 -1.29
PBE -1.87 -1.31
PBE+D2 -2.12 -1.61
PBE+D3 -1.94 -1.44
PBE+D3-BJ -1.86 -1.31
PBE+TS -2.14 -1.93
PBE+TS+SCS -1.93 -1.21

Table S4: Calculated single Li/Na adsorption energies of multilayer Haeck P at the octagonal

hollow position with vdw-DF2 functional.

No of Layers Adsorption location Eodinev (Li) Eedinev (Na)
Bilayer interface -1.93 -1.43
surface -1.66 -1.09
Trilayer interface -1.97 -1.49
surface -1.65 -1.09
Table S5: The change in bond lengths after the end of simulations at 300K.
Bond Bond Bond Bond Bond Bond Bond Bond
Length Length Length Length
(A) (A) (A) (A)
P1-P9 2.288 P30-P10 2.243 P4-P16 2.231 P15-P7 2.306
P9-P29 2.234 P10-P2 2.305 P16-P8 2.297 P15-P3 2.241
P29-P21 2.299 P2-P14 2.232 P8-P20 2.236 P3-P11 2.306
P21-P25 2.241 P14-P16 2.309 P20-P28 2.295 P11-P31 2.253
P25-P17 | 2.298 P6-P18 2.243 P28-P24 | 2244 | P31-P23 2.301
P17-P5 2.235 P18-P26 | 2306 | P24-P32 | 2.300 | P23-P27 | 2242
P5-P13 2308 | P26-P22 | 2240 | P32-P12 | 2.241 P27-P19 | 2.307
P13-P30 | 2314 | P26-P12 | 2.301 P12-P26 | 2.301 P19-P7 2.249
P30-P22 | 2302 | P12-P14 | 2.308 | P32-P15 2314 - -
P22-P5 2.304 P4-P18 2.309 P24-P7 2.308 - -

Table S6: The change in bond angles after the end of simulations at 300K.




Bond Bond Bond Bond Bond Bond Bond Bond
Angle () Angle (°) Angle () Angle (%)
P1-P9- | 100.665 | P27-P19-| 99.965 | P20-P8- | 100.271 | P14-P2- | 99.680
P29 P7 P16 P10
P9-P29- | 100.166 | P19-P7- | 99.868 | P8-P16- | 100.570 | P2-P10- | 99.921
P21 P15 P4 P30
P29-P21-| 100.109 | P19-P7- | 100.141 | P16-P4- | 99.928 | P10-P30- | 99.673
P25 P24 P12 P22
P21-P25-| 99.982 | P7-P15- | 100.109 | P16-P4- | 100.180 | P10-P30- | 100.061
P17 P3 P18 P13
P21-P25-| 100.020 | P15-P3- | 100.334 | P4-P12- | 100.240 | P30-P13- | 100.222
P11 P17 P32 Pl
P25-P11-| 72270 | P7-P15- | 72.132 | P12-P32-| 99.773 | P13-P1- | 100.095
P3 P32 P24 P9
P25-P17-| 72270 | P15-P32-| 72.259 |PI12-P26-| 100.393 | P30-P13-| 72.229
P3 P24 P22 P5
P17-P3- | 72276 | P32-P24-| 72339 |P12-P26-| 72.56 P13-P5- | 72.529
P11 P7 P18 P22
P11-P25-| 72335 | P24-P7- | 72265 | P12-P4- | 72.385 | P5-P22- | 72.498
P17 P15 P18 P30
P5-P11- | 99.936 | P7-P24- | 100.053 | P4-P18- | 72.269 | P22-P30-| 72.469
P31 P28 P26 P13
P11-P31-| 99.90 | P24-P32-| 99.773 | P26-P12-| 72.357 - -
P23 P12 P4
P31-P23-| 100.157 | P24-P28- | 100.119 | P18-P6- | 99.628 - -
P27 P20 P14
P23-P27-| 99.710 | P28-P20-| 100.701 | P16-P14- | 100.094 - -
P19 P8 P2

Atomic coordinates of various Li/Na Concentrations:
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P 8.72398783 5.49242439 11.63289607

P 8.72398783 11.95242192 11.63289607
P 5.49373777 4.19745143 11.63297586

P 5.49373777 10.65744898 11.63297586
P 11.95373532 4.19745143 11.63297586
P 11.95373532 10.65744898 11.63297586
P 4.19569794 0.96789252 11.63332657

P 4.19569794 7.42789007 11.63332657

P 10.65569549 0.96789252 11.63332657
P 10.65569549 7.42789007 11.63332657
P 5.49224571 2.26416113 10.36890324

P 5.49224571 8.72415869 10.36890324

P 11.95224325 2.26416113 10.36890324
P 11.95224325 8.72415869 10.36890324
P 2.26272351 0.96628112 10.36843420

P 2.26272351 7.42627867 10.36843420

P 8.72272106 0.96628112 10.36843420

P 8.72272106 7.42627867 10.36843420
Na 5.17284181 4.52356336 7.37332148
Na 5.17284181 10.98356091 7.37332148
Na 11.63283936 4.52356336 7.37332148
Na 11.63283936 10.98356091 7.37332148
Na 1.28650542 1.93632978 7.37366842
Na 1.28650542 8.39632733 7.37366842
Na 7.74650297 1.93632978 7.37366842
Na 7.74650297 8.39632733 7.37366842
Na 1.93908050 5.17057380 7.37294128
Na 1.93908050 11.63057134 7.37294128
Na 8.39907805 5.17057380 7.37294128
Na 8.39907805 11.63057134 7.37294128
Na 4.52144586 1.29032374 7.37358427
Na 4.52144586 7.75032130 7.37358427
Na 10.98144341 1.29032374 7.37358427
Na 10.98144341 7.75032130 7.37358427
Na 1.28972865 4.52088331 14.62704550
Na 1.28972865 10.98088086 14.62704550
Na 7.74972620 4.52088331 14.62704550
Na 7.74972620 10.98088086 14.62704550
Na 4.52388484 5.17307716 14.62692529
Na 4.52388484 11.63307471 14.62692529
Na 10.98388239 5.17307716 14.62692529
Na 10.98388239 11.63307471 14.62692529
Na 5.16931456 1.93839274 14.62691737
Na 5.16931456 8.39839031 14.62691737
Na 11.62931211 1.93839274 14.62691737
Na 11.62931211 8.39839031 14.62691737
Na 1.93667966 1.28763187 14.62677030
Na 1.93667966 7.74762942 14.62677030
Na 8.39667720 1.28763187 14.62677030
Na 8.39667720 7.74762942 14.62677030
5. Li,P
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P 0.93347081 4.16085031 11.81436570

P 0.93340335 10.61614382 11.81544325
P 7.39128886 4.16205667 11.81407260
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