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NMR calculations

Calculated parameters

The NMR chemical shielding and the electric field gradienste (EFG) were calculated. Gener-
ally, the NMR properties are very sensitive to atomic posis, which make NMR a very useful
experimental technique for structure analysis and vatidatThe accuracy of the NMR ab-initio
calculations were very sensitive to the K-point samplintheffirst Brillouin zone and also heavily
depended on the accuracy of the optimized structures. Toalased NMR properties are reported

below. The isotropic chemical shielding (Iso) in ppm is dediras the trace of the shielding tensor:

Oxx + Oyy+ Ozz
Oiso=—"7—"—
3
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This is an absolute value of the isotropic chemical shigjdimot relative to a standard. The

anisotropy chemical shielding (Aniso) is defined as:

A = 07;— Oiso

The asymmetry parameter (Asym) is defined as:

Oxx — Oyy

n=—"R4

The quadrupole coupling constant is the largest comporfethieadiagonalized EFG tensor, it is

de-fined as:

Co— th\éz
where Q is the nuclear quadrupole moment. The quadrupofarrastry parameter (Eta) is defined
as:

In general, the EFG values and the asymmetry parameterseceoniypared directly with experi-
ments. The isotropic chemical shifts require some analystause the program reports absolute
chemical shielding whereas the experimental results caneih shifts relative to a known stan-

dard.

Nap[B12H12| cubic structure

The supercell contained 4 formula units, which means 10st@NaBioH12). While the
isotropic shielding of H is almost the same for all the H atpbon atoms showed a doublet,

and Na simply one signal.

Chem cal Shielding and Electric Field Gradi ent Tensors



Nucl eus Shi el di ng tensor EFG Tensor

Speci es | on | so(ppm Ani so(ppm Asym Cqg( MHz) Et a
H 1 29. 27 13. 69 0. 27 1. 384E-01 0. 08
H 2 29. 33 12. 20 0. 30 1. 382E-01 0. 06
H 3 29. 27 13. 69 0. 27 1. 384E-01 0. 08
H 4 29. 33 12. 20 0. 30 1. 382E-01 0. 06
H 5 29. 27 13. 69 0. 27 1. 384E-01 0. 08
H 6 29. 33 12. 20 0. 30 1. 382E-01 0. 06
H 7 29. 27 13. 69 0. 27 1. 384E-01 0. 08
H 8 29. 33 12. 20 0. 30 1. 382E-01 0. 06
H 9 29. 27 13. 69 0. 27 1. 384E-01 0. 08
H 10 29. 33 12. 20 0. 30 1. 382E-01 0. 06
H 11 29. 27 13. 69 0. 27 1. 384E-01 0. 08
H 12 29. 33 12. 20 0. 30 1. 382E-01 0. 06
H 13 29. 27 13. 69 0. 27 1. 384E-01 0. 08
H 14 29. 33 12. 20 0. 30 1. 382E-01 0. 06
H 15 29. 27 13. 69 0. 27 1. 384E-01 0. 08
H 16 29. 33 12. 20 0. 30 1.382E-01 0. 06
H 17 29. 27 13. 69 0. 27 1. 384E-01 0. 08
H 18 29. 33 12. 20 0. 30 1.382E-01 0. 06
H 19 29. 27 13. 69 0. 27 1. 384E-01 0. 08
H 20 29. 33 12. 20 0. 30 1. 382E-01 0. 06
H 21 29. 27 13. 69 0. 27 1. 384E-01 0. 08
H 22 29. 33 12. 20 0. 30 1. 382E-01 0. 06
H 23 29. 27 13. 69 0. 27 1. 384E-01 0. 08
H 24 29. 33 12. 20 0. 30 1.382E-01 0. 06
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| B 31 114. 03 -18.76 0.11 -9.129E-01 0.09
| B 32 113. 07 -19. 82 0.14 -8.941E-01 0. 06
| B 33 114. 03 -18.76 0.11 -9.129E-01 0.09
| B 34 113. 07 -19. 82 0.14 -8.941E-01 0. 06
| B 35 114. 03 -18. 76 0.11 -9.129E-01 0. 09
| B 36 113. 07 -19. 82 0.14 -8.941E-01 0. 06
| B 37 114. 03 -18. 76 0.11 -9.129E-01 0. 09
| B 38 113. 07 -19. 82 0.14 -8.941E-01 0. 06
| B 39 114. 03 -18. 76 0.11 -9.129E-01 0. 09
| B 40 113. 07 -19. 82 0.14 -8.941E-01 0. 06
| B 41 114. 03 -18.76 0.11 -9.129E-01 0.09
| B 42 113. 07 -19. 82 0.14 -8.941E-01 0. 06
| B 43 114. 03 -18.76 0.11 -9.129E-01 0.09
| B 44 113. 07 -19. 82 0.14 -8.941E-01 0. 06
| B 45 114. 03 -18. 76 0.11 -9.129E-01 0. 09
| B 46 113. 07 -19. 82 0.14 -8.941E-01 0. 06
| B a7 114. 03 -18. 76 0.11 -9.129E-01 0. 09
| B 48 113. 07 -19. 82 0.14 -8.941E-01 0. 06
| Na 1 572. 97 -23.76 0. 00 8. 186E-01 0. 00
| Na 2 572. 97 -23.76 0. 00 8. 186E- 01 0. 00
| Na 3 572. 97 -23.76 0. 00 8. 186E-01 0. 00
| Na 4 572. 97 -23.76 0. 00 8. 186E- 01 0. 00
| Na 5 572. 97 -23.76 0. 00 8. 186E- 01 0. 00
| Na 6 572. 97 -23.76 0. 00 8. 186E-01 0. 00
| Na 7 572. 97 -23.76 0. 00 8. 186E- 01 0. 00
| Na 8 572. 97 -23.76 0. 00 8. 186E-01 0. 00



Nap[B12H12] monoclinic structure

The supercell contained two formula units, and hence 52 sitdime NMR shielding followed the
symmetry. In fact, each8 unit showed different shielding values: (112.19 and 11.(In.3.92

and 113.93), 114.71. Accordingly, the hydrogen atoms sbdadiféerent shielding values too.

| Chem cal Shielding and Electric Field Gradient Tensors

| Nucl eus Shi el di ng tensor EFG Tensor

| Species | on | so(ppm Ani so(ppm Asym Cqg( MHz) Et a
| H 1 29. 08 15. 53 0.23 1.414E-01 0. 05
| H 2 29. 22 15. 50 0.14 1. 356E-01 0. 06
| H 3 29. 17 12. 35 0. 28 1.373E-01 0. 05
| H 4 29. 42 12. 12 0.14 1.402E-01 0. 07
| H 5 29. 21 15. 28 0. 35 1. 368E-01 0. 07
| H 6 29. 31 14. 83 0. 32 1.393E-01 0. 07
| H 7 29. 08 15. 53 0. 23 1.414E-01 0. 05
| H 8 29. 22 15. 50 0.14 1. 356E-01 0. 06
| H 9 29. 17 12. 35 0. 28 1.373E-01 0. 05
| H 10 29. 42 12. 12 0.14 1.402E-01 0. 07
| H 11 29. 21 15. 28 0. 35 1. 368E-01 0. 07
| H 12 29. 31 14. 83 0.32 1. 393E-01 0. 07
| H 13 29. 08 15. 53 0. 23 1.414E-01 0. 05
| H 14 29. 22 15. 50 0.14 1. 356E-01 0. 06
| H 15 29. 17 12. 35 0. 28 1.373E-01 0. 05
| H 16 29. 42 12. 12 0.14 1.402E-01 0. 07
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| B 20 114. 71 - 20. 47 0.29 -8.728E-01 0.09
| B 21 113. 93 -20. 34 0.21 -9.210E-01 0. 09
| B 22 112.19 -20.59 0.23 -8.888E-01 0. 05
| B 23 113. 92 -19. 58 0.27 -9.192E-01 0.13
| B 24 112. 68 -19. 85 0.12 -9.252E-01 0. 03
| Na 1 S577.54 -23.63 0.17 1. 548E+00 0.35
| Na 2 577.54 -23. 63 0.17 1. 548E+00 0. 35
| Na 3 S577.54 -23.63 0.17 1. 548E+00 0.35
| Na 4 577.54 -23. 63 0.17 1. 548E+00 0. 35

Phonons calculations

We report below the wave numbers of By2H12] monoclinic structure, calculated via phonon
analysis, using Quantum Espresso code. The number of mbshhormal modes, equal tiN3- 6,
was 156, wheréN is the number of atoms per unit cell. Below we report the wawmiers
(omega) in cm! and for each the symmetry with the additional informatiomrf (1) or Raman-
(R) active mode. Only one mode showed negative frequency.folved the typical stretching
modes of boron-hydrogen bond in the range (2500, 2560)'cand the characteristic modes of

the icosahedral B unit.!

onega( 1 - 1) = -7.6 [cm1] --> Au I
onega( 2 - 2) = 16.4 [cm 1] --> Au I
onega( 3 - 3) = 24.5 [cm 1] --> Au I
onega( 4 - 4) = 45.1 [cm1] --> A u I
onega( 5 - 5) = 45.3 [cm1] -->Ag R
onega( 6 - 6) = 65.5 [cm1] --> Au I
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