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Computational Details

We systematically explored the potential energy surface using AUTOMATON,! which employs probabilistic
cellular automata to generate initial structures and genetic algorithms to evolve them towards the global minimum.
Calculations for singlet and triplet states were performed at the PBE0? -D32 /SDDAII*2 level. The lowest energy
structures (Figure S1) were minimized at the PBE0-D3/def2-TZVP® level. For accurate energy comparisons, we
conducted single-point energy calculations at the DLPNO-CCSD(T)-12/CBS*14//PBE0-D3/def2-TZVP level
via Gaussian 16 software.'> Chemical bonding was analyzed using the Adaptive Natural Density Partitioning6-18
(AdNDP) technique via Multiwfn software.*® Structure and AANDP orbitals were visualized using CY Lview 2.0%°
and VMD 1.9.3.%

The Interacting Quantum Atoms (IQA) method?%>2° was employed to decompose the interaction energy. The IQA
analysis, which balances atomic deformation against additive interatomic interaction energies, was conducted at
the PBEO-D3/def2-TZVP level using the AIMAII program.?® The interaction energy, V%, is the sum of the
Coulombic, V™, and exchange-correlation, V%, terms. V™ represents the exact electrostatic interaction
between electrons and nuclei in a pair of basins, including nuclear repulsion, electron-nucleus attraction, and the
Coulomb part of electron-electron repulsion. Vit is purely quantum mechanical, depending on the exchange-
correlation part of electron-electron interaction. Typically, V™ is associated with ionic-type interactions, while
V2t relates to covalent-type interactions.

The magnetically induced current density (J"%) was calculated using the SYSMOIC program.?” The external
magnetic field was aligned parallel to the z-axis and perpendicular to the molecular plane using the CTOCD-DZ
method to ensure origin-independent results. The Gaussian16 program was employed to obtain the perturbed
molecular orbital with the CSGT keyword, which was then used to perform the actual calculation of density
current.
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Figure S1. PBEQ-D3/def2-TZVP geometries of the low-lying energy isomer of BSis*. Relative energies in kcal-mol*
computed at DLPNO-CCSD(T)/CSB//PBEOQ-D3/def2-TZVP (bold), PBEQO-D3/def2-TZVP including zero-point energy
(ZPE) corrections and PBEO-PCM-D3/def2-TZVP (blue) levels. Point groups and spectroscopic states are also reported.
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Figure S2. PBE0-D3/def2-TZVP geometries of the low-lying energy isomer of BGes* Relative energies in kcal-mol?
computed at DLPNO-CCSD(T)/CSB//PBEO-D3/def2-TZVP (bold), PBEO-D3/def2-TZVP including zero-point energy
(ZPE) corrections and PBEO-PCM-D3/def2-TZVP (blue) levels. Point groups and spectroscopic states are also reported.
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Figure S3. PBEQ-D3/def2-TZVP geometries of the low-lying energy isomer of BSns*>~ Relative energies in kcal-mol*
computed at DLPNO-CCSD(T)/CSB//PBEO-D3/def2-TZVP (bold), PBEO-D3/def2-TZVP including zero-point energy
(ZPE) corrections and PBEO-PCM-D3/def2-TZVP (blue) levels. Point groups and spectroscopic states are also reported.
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Figure S4. PBE0-D3/def2-TZVP geometries of the low-lying energy isomer of CSis** Relative energies in kcal-mol*
computed at DLPNO-CCSD(T)/CSB//PBEO-D3/def2-TZVP (bold) and PBEO-D3/def2-TZVP including zero-point energy
(ZPE) corrections levels. Point groups and spectroscopic states are also reported.
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Figure S5. PBE0-D3/def2-TZVP geometries of the low-lying energy isomer of CSis** Relative energies in kcal-mol™*
computed at DLPNO-CCSD(T)/CSB//PBE0-D3/def2-TZVP (bold) and PBEQ-D3/def2-TZVP including zero-point energy
(ZPE) corrections levels. Point groups and spectroscopic states are also reported.
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Figure S6. PBEO-D3/def2-TZVP geometries of the low-lying energy isomer of BPSis* Relative energies in kcal-mol*
computed at DLPNO-CCSD(T)/CSB//PBEO-D3/def2-TZVP (bold), PBEO-D3/def2-TZVP including zero-point energy
(ZPE) corrections and PBEO-PCM-D3/def2-TZVP (blue) levels. Point groups and spectroscopic states are also reported.
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Figure S7. PBE0-D3/def2-TZVP geometries of the low-lying energy isomer of BPGe4>~ Relative energies in kcal-mol*
computed at DLPNO-CCSD(T)/CSB//PBE0-D3/def2-TZVP (bold) and PBE0-D3/def2-TZVP including zero-point energy
(ZPE) corrections and PBEO-PCM-D3/def2-TZVP (blue) levels. Point groups and spectroscopic states are also reported.
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Figure S8. PBE0-D3/def2-TZVP geometries of the low-lying energy isomer of BAsSi,> Relative energies in kcal-mol~*
computed at DLPNO-CCSD(T)/CSB//PBEO-D3/def2-TZVP (bold), PBEO-D3/def2-TZVP including zero-point energy
(ZPE) corrections and PBEO-PCM-D3/def2-TZVP (blue) levels. Point groups and spectroscopic states are also reported.
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Figure S9. PBEO-D3/def2-TZVP geometries of the low-lying energy isomer of BAsGe4>~ Relative energies in kcal-mol*
computed at DLPNO-CCSD(T)/CSB//PBEOQ-D3/def2-TZVP (bold), PBEQ-D3/def2-TZVP including zero-point energy
(ZPE) corrections and PBEO-PCM-D3/def2-TZVP (blue) levels. Point groups and spectroscopic states are also reported.
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Figure S10. PBEO-D3/def2-TZVP geometries of the low-lying energy isomer of BShSis*~ Relative energies in kcal-mol*
computed at DLPNO-CCSD(T)/CSB//PBEOQ-D3/def2-TZVP (bold), PBEO-D3/def2-TZVP including zero-point energy
(ZPE) corrections and PBEO-PCM-D3/def2-TZVP (blue) levels. Point groups and spectroscopic states are also reported.
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Figure S11. PBEO-D3/def2-TZVP geometries of the low-lying energy isomer of BShGes? Relative energies in kcal-mol*
computed at DLPNO-CCSD(T)/CSB//PBEO-D3/def2-TZVP (bold), PBEO-D3/def2-TZVP including zero-point energy
(ZPE) corrections and PBEO-PCM-D3/def2-TZVP (blue) levels. Point groups and spectroscopic states are also reported.
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Figure S12. PBEO-D3/def2-TZVP geometries of the low-lying energy isomer of BBiSis>~ .Relative energies in kcal-mol*
computed at DLPNO-CCSD(T)/CSB//PBEOQ-D3/def2-TZVP (bold), PBEQO-D3/def2-TZVP including zero-point energy
(ZPE) corrections and PBEO-PCM-D3/def2-TZVP (blue) levels. Point groups and spectroscopic states are also reported.
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Figure S13. PBE0-D3/def2-TZVP geometries of the low-lying energy isomer of BBiGe4>~ Relative energies in kcal-mol?
computed at DLPNO-CCSD(T)/CSB//PBEOQ-D3/def2-TZVP (bold), PBEO-D3/def2-TZVP including zero-point energy
(ZPE) corrections and PBEO-PCM-D3/def2-TZVP (blue) levels. Point groups and spectroscopic states are also reported.



Table S1. Relative energies in kcal-mol? of ETr,Pnn% (E=B-TI, Tr = Si-Pb, Pn =P-Bi n=5-0, m=0-5 and q= -2, -1, 0, 1, 2)
and their lowest harmonic vibrational frequency in cm® computed at the PBE0-D3/def2-TZVP level. Point groups also
reported.

System AE Vmin Point group System AE  Vmin  Pointgroup System AE Vmin Point group

BSisP* 00 1771 Coy BSn2Ps 149 733 Ca BPbBi; 146  33.7 Ca
BSisP,~ 8.7 1531 Coy BSnP,* 157 57.2 Coy BPbBi,* 18.0 31.6 Coy
BSi.P; 7.7 1053 Coy BSn:As> 6.1 59.0 Coy BPs2* 48 1936 Csv
BSiP4* 9.4 92.3 Cs BSns;As;- 159 65.2 Ca BAss?* 8.5 63.0 Dsh
BSisAs* 0.0 1541 Cay BSn,Ass 143 58.8 Coy BShs** 154 5138 Dsh
BSizAs;™ 59 146.2 Coy BSnAs," 153 594 Ca BBis** 194 329 Dsh
BSi>As3 3.1 1235 Cay BSn,Sh> 23 553 Coy AlSis* 320 175.0 Csv
BSiAss* 6.2 105.0 Cay BSnzSh,s  11.2 523 Ca AlGes* 116 97.2 Csv
BSisSb* 0.0 136.3 Cay BGeBis" 143 409 Coy AlSns* 5.5 59.0 Csy
BSiaSh;~ 16 1182 Cay BSn,P? 82 610 Coy AlPbs* 1.2 36.9 Csv
BSi>Shs 5.2 80.1 Coy BSnsP;~ 9.4 9.2 Ca GaSis* - - -
BSiShs* 9.4 62.3 Coy BSn.Shs  12.0 51.9 Coy GaGes>~ 16.7  94.0 Csy
BSisBi* 0.0 1276 Cow BSnSh,® 145 483 Cow GaSns*>*  11.0 492 Csy
BSisBiy~ 48 1049 Cow BSn4Bi? 1.0 510 Cow GaPhs* 6.6 27.1 Csy
BSi»Bis 8.1 62.9 Cow BSn;Biy 94 464 Cow InSis® - - -
BSiBis* 148  43.0 Cow BSn,Bis 10.4 403 Cow InGes* - - -
BGesP* 0.0 99.0 Co BSnBis* 157 376 Co InSns*>~  27.7  58.6 Csy
BGesP,~ 105 120.8 Co BPb4P? 11.0 432 Co InPbs®>>  21.0  40.0 Csy
BGe;P3 10.7  88.6 Cow BPhsP,~ 235 67.9 Cow TISis® - - -
BGeP4* 13.0 439 Cs BPb,P; 16,5 65.9 Co TIGes* - - -

BGe:As* 0.0 96.3 Co BPbP4* 172 57.8 Co TISns® - - -

BGesAs,” 7.4 93.1 Co BPb,As> 9.2 419 Co TIPbs*  29.7 393 Csy

BGezAs;3 7.7 87.6 Co BPbsAs;~ 203 510 Co

BGeAs,t 105 811 Co BPb,Ass  17.0 477 Co

BGesSb* 0.0 85.7 Ca BPbAs,* 17.8 504 Co

BGesShy~ 15 75.2 Co BPb,Sh> 56 39.1 Co

BGezShs 5.7 67.8 Co BPbsSh, 147 414 Co

BGeSh,” 109  59.7 Co BPb,Shs 156 411 Co

BGesBi* 0.0 78.1 Co BPbShst  17.6 41.0 Csy

BGesBiy~ 1.6 63.1 Co BPb,Bi2 36 379 Co

BGe;Bi3 7.0 50.7 Ca BPbsBi;~ 127 351 Ca




Table S2. Singlet-triplet energy gap in kcal-mol?, smallest vibrational frequencies in cm™ and T diagnostics for the global
minimum of BTrs*> (Tr = Si-Sn) and BTrsPn* (Tr = Si for Pn = P-Bi and Tr = Ge for Pn = As-Bi).

System  AEst Vmin T1Diagnostic
BSis> 326 177.1 0.019
BGes* 295 984 0.012
BSns* 208 564 0.016
BSi,sP> 221 1771 0.021

BSi,As> 304 154.1 0.018

BGesAs* 257 983 0.013
BSi,Sb* 224 136.3 0.019
BGesSb> 225 857 0.013
BSi,Bi* 205 127.6 0.020
BGesBi> 207 781 0.013

Time (ps)

Figure S14. RMSD curves along the trajectories of Born-Oppenheimer molecular dynamics simulations for all global
minima of ppB.



Table S3. Bond lengths (r, A), natural charges (q, |e|) and Wiberg bond indices (WBI) of BTrs* (Tr = Si-Sn) and BTr,Pn?
(Pn = P-Bi for Tr = Si and Pn = As-Bi for Tr = Ge), at the PBE0-D3/def2-TZVP level

System rreTr rrrs Frren Fens q(Tr) agB) q(Pn) WBIlr.tr WBIltrs WBIlrpn WBIpns
BSis® 2.40 2.04 - - -0.36 -1.18 - 0.81 0.81 - -
BGes® 2.52 2.15 - - —0.40 —-1.00 - 0.80 0.82 - -
BSns® 2.85 242 - - —0.38 -1.09 - 0.79 0.80 - -
BSi,PZ= 2.35-243 1.99-2.04 231 192 -0.05-0.16 -1.16 —0.39 0.68-0.89 0.66-0.89 0.70 0.93

BSis,As> 2.33-2.43 199-206 242 205 -0.10-0.15 -1.17 -0.32 0.64-0.93 0.69-0.91 0.70 0.86

BGesAs?> 2.46-255 2.10-2.16 249 2.07 -0.10-0.15 -1.01 -0.36 0.64-0.90 0.68-0.90 0.68 0.91

BSi,Sb>~ 2.3-245 1.99-2.09 262 229 -0.1-018 -1.18 -0.21 0.57-0.98 0.74-0.93 0.71 0.69

BGe,Sh* 2.44-257 2.09-219 267 231 -0.14-0.19 -1.07 -0.24 0.56-0.95 0.73-0.94 0.71 0.72

BSi,Bi>~ 2.30-246 1.99-210 270 239 -0.1-0.20 -1.15 -0.22 0.55-1.02 0.76-0.94 0.70 0.64

BGesBi& 243-259 2.09-220 275 242 —0.14-021 -1.04 -0.24 0.54-0.99 0.75-0.95 0.70 0.67

Tr-LPs Tr-B-Tr o-bonds B-TrsPn 7 bonds

Pn-LPs Tr-B-Pn g-bonds

5x 1c-2e 5 x 3c-2e 3x 6¢-2e

B, Tr=Si, Pn=P ON =1.84-1.89 |e| ON =1.99 |e| ON =2.00 |e|
B,Tr=Si,Pn=As ON =1.8-1.91 |e| ON =1.99 || ON =2.00 |e|
B,Tr=Si,Pn=Sb ON =1.83-1.93 || ON=1.99 |¢| ON =2.00 |e|
B, Tr=Si, Pn=Bi ON =1.82-1.94 |e| ON =1.99 |e| ON =2.00 ||
B, Tr=Ge,Pn=As  ON =1.87-1.91 |e| ON =1.99 |e| ON =2.00 |e|
B, Tr=Ge,Pn=Sb  ON =1.86-1.93 |e| ON=1.99 |e| ON=2.00 |¢|
B, Tr=Ge,Pn=Bi ON =1.86-1.94 |e| ON =1.99 |e| ON =2.00 |e]|

Figure S15. Adaptive Natural Density Partitioning bonding pattern for BTr4Pn? (Pn = P-Bi for Tr = Si and Pn = As-Bi for
Tr = Ge) at the PBEO-D3/def2-TZVP level.



Table S4. Energy components of IQA and delocalization indices (8) between atom pairs for BTr,Pn® (Pn = P-Bi for Tr =

Si and Pn = As-Bi for Tr = Ge). AEj, is the total integration error in IQA energies, V%, V™, and V42t are interatomic

IQA interaction energy, Coulomb energy component, and exchange-correlation energy component of the interaction energy,
respectively, in kcal-mol™.

BSi4P27 BSi4A527 BSi4Sb27 BSi4Bi27 BGE4A527 BGe4Sb2* BGE4Bi27
AEg4 0.0 0.0 0.0 0.0 0.0 0.0 0.0
V,‘gj(B—Tr) -410.9/-505.1 -393.0/-509.6 —-338.8/-509.7 -319.3/-496.2 -114.9/-139.0 -112.4/-145.3 -109.8/-144.8
v/ (B-Tr)  —305.6/-357.9 -280.9/-362.4 -219.5/-364.5 -199.8/-351.5 -22.6/-20.3 -14.2/-23.5 -11.1/-22.7
ViyB-Tr) -105.3/-147.2 -112.1/-147.2 -119.3/-1452 -119.5/-144.7 -92.3/-118.7 -98.2/-121.8 -98.7/-122.1

V2t (B-Pn) 66.6 43 ~110.9 -90.5 -94.6 ~101.9 855
yint(B-Pn) 2525 157.7 12.9 18.8 41.7 36 7.7
Vint(B-Pn) ~185.9 -162.0 ~123.8 -109.3 ~136.3 105.5 93.1
ViEL(Tr-Tr)  22.5/26.4 10.6/28.3 -10.9/33.8 -17.9/33.1  -81.9/-58.6  -85.8/-535  -88.3/-515
Vi (Tr-Tr)  95.1/84.9 87.7/84.5 74.8/85.0 71.8/82.6 19.4/18.4 19.5/17.3 19.8/16.8
Vint(Tr-Tr)  -72.5/-58.4  -77.1/56.2  -85.7/-51.2  -89.7/-49.6  -101.3/-77.1 -105.2/-70.8 -108.1/-68.3
V2t (Tr-Pn) -194.3 1236 675 -66.0 -90.3 -72.8 ~69.8
Vint(Tr-Pn) ~101.1 -35.1 17.4 15.0 5.3 16.8 15.2
Vit (Tr-Pn) 932 -88.4 -84.9 -81.0 ~95.6 -89.6 -85.0
5(B-Tr) 0.8/1.1 0.9/1.1 0.9/1.1 0.9/1.1 0.7/0.9 0.8/1.0 0.8/1.0
5(B-Pn) 13 1.2 1.0 0.9 1.0 0.8 08
8(Tr-Tr) 0.7/0.6 0.8/0.5 0.8/0.5 0.8/0.5 1.0/0.7 1.0/0.7 1.0/0.6
5(Tr-Pn) 08 0.8 08 0.8 0.9 0.9 0.9
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System BSis> BGes> BSns® BSi,P> BSisAs>  BSiisSh>  BSisBi> BGesAs> BGesSh* BGesBiZ

Total 325 37.5 38.7 315 31.6 32.7 32.8 35.7 36.1 35.9
c 21.0 255 26.9 21.3 22.3 23.5 23.9 25.1 26.3 26.7
T 115 11.9 11.9 10.4 10.1 8.9 8.2 10.7 9.5 8.7

Figure S16. Vector plots in the molecular plane 0.5 A above the molecular plane for BTr,Pn> (Pn = P-Bi for Tr = Si and

Pn = As-Bi for Tr = Ge) system and RCSs (total, c and =, in nA/T) for each system at the PBEO-D3/def2-TZVP level.
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Figure S17. Global minimum and low-lying isomers of cluster BLisSis. Relative energies are shown in kcal-mol? at
DLPNO-CCSD(T)/CSB//PBE0-D3/def2-TZVP (in bold) and PBEO-D3/def2-TZVP levels, including zero-point energy

(ZPE) corrections.
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Figure S18. Global minimum and low-lying isomers of cluster BLi.Sis. Relative energies are shown in kcal-mol™ at
DLPNO-CCSD(T)/CSB//PBEQ-D3/def2-TZVP (in bold) and PBEOQ-D3/def2-TZVP levels, including zero-point energy

(ZPE) corrections.
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Figure S19. Global minimum and low-lying isomers of cluster BLiSis?>". Relative energies are shown in kcal-mol* at
DLPNO-CCSD(T)/CSB//PBEO0-D3/def2-TZVP (in bold) and PBEO-D3/def2-TZVP levels, including zero-point energy
(ZPE) corrections.
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Figure S20. Global minimum and low-lying isomers of cluster BLisGes. Relative energies are shown in kcal-mol* at
DLPNO-CCSD(T)/CSB//PBEQ-D3/def2-TZVP (in bold) and PBEO-D3/def2-TZVP levels, including zero-point energy
(ZPE) corrections.

Figure S21. Global minimum and low-lying isomers of cluster BLi,Ges". Relative energies are shown in kcal-mol* at
DLPNO-CCSD(T)/CSB//PBEQ-D3/def2-TZVP (in bold) and PBEO-D3/def2-TZVP levels, including zero-point energy
(ZPE) corrections.
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Figure S22. Global minimum and low-lying isomers of cluster BLiGes*. Relative energies are shown in kcal-mol* at
DLPNO-CCSD(T)/CSB//PBE0-D3/def2-TZVP (in bold) and PBEO-D3/def2-TZVP levels, including zero-point energy

(ZPE) corrections.
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Figure S23. Global minimum and low-lying isomers of cluster BLisSns. Relative energies are shown in kcal-mol™* at
DLPNO-CCSD(T)/CSB//PBEQ-D3/def2-TZVP (in bold) and PBEQ-D3/def2-TZVP levels, including zero-point energy

(ZPE) corrections.
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Figure S24. Global minimum and low-lying isomers of cluster BLi,Sns". Relative energies are shown in kcal-mol* at
DLPNO-CCSD(T)/CSB//PBEO0-D3/def2-TZVP (in bold) and PBEO-D3/def2-TZVP levels, including zero-point energy

(ZPE) corrections.
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Figure S25. Global minimum and low-lying isomers of cluster BLiSns*". Relative energies are shown in kcal-mol™ at
DLPNO-CCSD(T)/CSB//PBEQ-D3/def2-TZVP (in bold) and PBEOQ-D3/def2-TZVP levels, including zero-point energy

(ZPE) corrections.
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Figure S26. Global minimum and low-lying isomers of cluster BNasSis. Relative energies are shown in kcal-mol™* at
DLPNO-CCSD(T)/CSB//PBEO0-D3/def2-TZVP (in bold) and PBEO-D3/def2-TZVP levels, including zero-point energy
(ZPE) corrections.
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Figure S27. Global minimum and low-lying isomers of cluster BNa;Sis". Relative energies are shown in kcal-mol* at
DLPNO-CCSD(T)/CSB//PBEO0-D3/def2-TZVP (in bold) and PBEO-D3/def2-TZVP levels, including zero-point energy

(ZPE) corrections.
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Figure S28. Global minimum and low-lying isomers of cluster BNaSis>". Relative energies are shown in kcal-mol* at
DLPNO-CCSD(T)/CSB//PBEQ-D3/def2-TZVP (in bold) and PBEO-D3/def2-TZVP levels, including zero-point energy
(ZPE) corrections.
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Figure S29. Global minimum and low-lying isomers of cluster BNasGes. Relative energies are shown in kcal-mol? at
DLPNO-CCSD(T)/CSB//PBEQ-D3/def2-TZVP (in bold) and PBEO-D3/def2-TZVP levels, including zero-point energy

(ZPE) corrections.
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Figure S30. Global minimum and low-lying isomers of cluster BNa,Ges™. Relative energies are shown in kcal-mol* at
DLPNO-CCSD(T)/CSB//PBEQ-D3/def2-TZVP (in bold) and PBEOQ-D3/def2-TZVP levels, including zero-point energy

(ZPE) corrections.
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Figure S31. Global minimum and low-lying isomers of cluster BNaGes*". Relative energies are shown in kcal-mol* at
DLPNO-CCSD(T)/CSB//PBEQ-D3/def2-TZVP (in bold) and PBEOQ-D3/def2-TZVP levels, including zero-point energy

(ZPE) corrections.
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Figure S32. Global minimum and low-lying isomers of cluster BNasSns. Relative energies are shown in kcal-mol™ at
DLPNO-CCSD(T)/CSB//PBE0-D3/def2-TZVP (in bold) and PBEO-D3/def2-TZVP levels, including zero-point energy

(ZPE) corrections.
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Figure S33. Global minimum and low-lying isomers of cluster BNa,Sns~. Relative energies are shown in kcal-mol™ at
DLPNO-CCSD(T)/CSB//PBE0-D3/def2-TZVP (in bold) and PBEO-D3/def2-TZVP levels, including zero-point energy

(ZPE) corrections.
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Figure S34. Global minimum and low-lying isomers of cluster BNaSns>~. Relative energies are shown in kcal-mol* at
DLPNO-CCSD(T)/CSB//PBEQ-D3/def2-TZVP (in bold) and PBEOQ-D3/def2-TZVP levels, including zero-point energy

(ZPE) corrections.

Table S5. HOMO-LUMO energy gap in eV of the global minimum of BTrs*- (Tr = Si-Sn) and BTr«Pn?- (Tr = Si, Ge and
Pn = P-Bi) in vacuum at PBE0-D3/def2-TZVP level of theory.

System Enomo ELumo AEnL
BSis* 7.2 10.8 3.6
BGes™ 7.5 10.9 3.4
BSns> 6.1 8.7 2.5
BSi,P* 3.2 6.5 3.3
BSisAs> 3.2 6.6 3.4
BGe,As> 3.4 6.7 3.3
BSisSb> 3.0 6.6 3.5
BGe,Sh> 2.9 6.4 3.5
BSi,Bi* 3.1 6.6 3.6
BGesBi> 3.1 6.3 3.1

Table S6. HOMO-LUMO energy gap in eV of the global minimum of BTrs* (Tr = Si-Sn) and BTr«Pn* (Tr = Si, Ge and
Pn = P-Bi) in conjunction with the implicit solvent model provided by the Polarizable Continuum Model (PCM) at PBEO-
D3/def2-TZVP level of theory.

System Eromo ELumo AEHL
BSis> -3.6 0.1 3.7
BGes> -3.7 -0.1 3.6
BSns* -3.1 -0.1 3.0
BSisP* -4.2 -0.6 3.5

BSi,As>  -4.2 -0.7 3.5




Table S7. HOMO-LUMO energy gap in eV for the global minimum of LisBTrs (Tr = Si-Sn), Li,BSisPn and Li.BGe4Pn (Pn

BGeAs>  -4.1 -0.8 3.3
BSi,Sb>  -4.2 -0.8 3.4
BGesSh*  -4.2 -0.9 3.3
BSisBi* -4.2 -0.8 3.4
BGe.Bi* -4.1 -0.9 3.2

= P-Bi) at PBE0-D3/def2-TZVP level of theory.

Cartesian Coordinates

Cartesian coordinates of the global minima of BSis®-, BGes*, BSns*-, BSisP?", BSisAs*", BGesAs*, BSisSh?*, BGesSh?,

System Enomo ELumo AEnL
LisBSis —4.9 -1.4 3.5
LisBGes -4.9 -1.4 3.5
LisBSns —4.6 -1.7 2.9
Li;BSisAs —5.7 -1.9 3.8
Li:BGesAs —5.5 -1.7 3.8
Li-BSisP —5.7 -1.9 3.8
Li;BSisSb  —5.6 -1.8 3.8
Li;BGesSb 5.6 -1.8 3.8
Li:BSisBi 5.5 -1.8 3.7
Li:BGesBi 5.6 -1.8 3.6

BSisBi? and BGe,Bi* their smallest vibrational frequencies in cm™* at the PBEO- D3/def2-TZVP level.

BG8537
Vmin = 984

BSi537

Vmin = 177.1

B 0.000000000
Si 0.000000000

Si -1.945513000
Si -1.202393000
Si 1.202393000

Si 1.945513000

BSI’]537

Vmin = 56.4

Sn 0.000000000
Sn 1.427294000
Sn  -1.427294000
Sn -2.309410000
B 0.000000000

0.000000000
2.045634000
0.632136000
-1.654952000
-1.654952000
0.632136000

2.428257000
-1.964501000
-1.964501000

0.750373000
0.000000000

0.000000000
0.000000000
0.000000000
0.000000000
0.000000000
0.000000000

0.000000000
0.000000000
0.000000000
0.000000000
0.000000000

B

Ge
Ge
Ge
Ge
Ge

0.000000000
0.000000000
-1.264960000
2.046748000
1.264960000
-2.046748000

BSisAs?

Vmin

Si
Si
Si
B
Si

=154.1

0.000000000
0.000000000
0.000000000
0.000000000
0.000000000

0.000000000
2.152078000
-1.741068000
0.665029000
-1.741068000
0.665029000

1.966302000
1.218820000
-1.218820000
0.000000000
-1.966302000

0.000000000
0.000000000
0.000000000
0.000000000
0.000000000
0.000000000

0.192493000
-2.021441000
-2.021441000
-0.439621000

0.192493000



Sn 2.309410000 0.750373000 0.000000000 As 0.000000000 0.000000000 1.618444000
BGesAs? BSisP%
Vmin = 98.3 Vmin = 177.1
Ge 0.000062000 -0.642360000 2.062346000 Si  0.000000000 1.937472000 0.618039000
Ge 0.000062000 -0.642360000 -2.062346000 Si  0.000000000 1.215563000 -1.622512000
Ge 0.000062000 1.695108000 1.279777000 Si  0.000000000 -1.215563000 -1.622512000
Ge 0.000062000 1.695108000 -1.279777000 B 0.000000000 0.000000000 -0.038767000
As -0.000266000 -2.045505000 0.000000000 Si  0.000000000 -1.937472000 0.618039000
B 0.000168000 0.025166000  0.000000000 P 0.000000000 0.000000000 1.887937000
BSisSh?~ BGesSh?
Vmin = 136.5 Vmin = 85.7
Si 0.000000000  2.005865000 -0.199402000 Ge 0.000000000 2.098571000 0.358620000
Si 0.000000000  1.226649000 -2.375578000 Ge 0.000000000 -1.289780000 -1.946268000
Si 0.000000000 -1.226649000 -2.375578000 Sb  0.000000000 0.000000000 2.021109000
B 0.000000000  0.000000000 -0.799900000 Ge 0.000000000 1.289780000 -1.946268000
Si 0.000000000 -2.005865000 -0.199402000 B 0.000000000 0.000000000 -0.293426000
Sh 0.000000000  0.000000000  1.492136000 Ge 0.000000000 -2.098571000 0.358620000
BSisBi% BGesBi*
Vmin = 127.6 Vmin = 78.1
Si 0.000000000 2.016692000 -0.600964000 Ge 0.000000000 2.108049000 0.009694000
Si 0.000000000  1.232850000 -2.763776000 Ge 0.000000000 -1.296269000 -2.280902000
Si 0.000000000 -1.232850000 -2.763776000 Bi  0.000000000 0.000000000 1.789436000
B 0.000000000 0.000000000 -1.191535000 Ge 0.000000000 1.296269000 -2.280902000
Si 0.000000000 -2.016692000 -0.600964000 B 0.000000000 0.000000000 -0.633179000
Bi 0.000000000  0.000000000 1.206872000 Ge 0.000000000 -2.108049000 0.009694000
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