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1. Examples for the planar Bis(-), B2o(-) and elongated Bis(0) cluster.

1.1 Bas(-):

The anionic Bais cluster consists of an inner 6-atom triangulation, surrounded by an outer ring of thirteen atoms. The
energy correlation diagrams (in Hartree), relative to the ground root are given in Tables 1 and 2 for ¢ and = orbitals
respectively. As indicated in the Table 7, some o-levels have a mixed label, due to strong orbital hybridization.

Table 1.Correlation of DFT o-orbital energies and particle-on-a-disk spectrum.

Bis(-) HOMO DFT Particle in circular box

Label E(Ha) Label E(Ha)
46 HOMO 20 0.5836 3n 0.5723
42 HOMO-4 20 0.5154 It 0.4795
41 HOMO-5 2y,3n 0.5064 It 0.4795
40 HOMO-6 3n 0.5064 2¢ 0.4391
39 HOMO-7 In 0.4716 20 0.4391
38 HOMO-8 In,In 0.4716 In 0.3491
35 HOMO-11 It 0.4526 In 0.3491
34 HOMO-12 30 0.4394 30 0.3390
33 HOMO-13 28 0.4268 28 0.3192
32 HOMO-14 28 0.4268 28 0.3192
30 HOMO-16 Iy 0.3664 ly 0.2541
29 HOMO-17 Iy 0.3664 ly 0.2541
28 HOMO-18 1o 0.2613 2n 0.2131
27 HOMO-19 2n 0.2539 2n 0.2131
26 HOMO-20 2n 0.2539 lo 0.1713
25 HOMO-21 1o 0.2419 lo 0.1713
24 HOMO-22 15 0.1472 20 0.1211
23 HOMO-23 18 0.1472 16 0.1010
22 HOMO-24 20 0.1409 16 0.1010
21 HOMO-25 In 0.0640 In 0.0436
20 HOMO-26 In 0.0640 In 0.0436
19 HOMO-27 lo 0.0000 Io 0.0000

Table 2.Correlation of DFT =-orbital energies and particle-on-a-disk spectrum.

Bis(-) MO DFT Particle in circular box
Label E(Ha) Label E(Ha)
45 HOMO-1 18 0.5601 20 0.5695
44 HOMO-2 18 0.5601 18 0.5386
43 HOMO-3 20 0.5399 13 0.5386
37 HOMO-9 In 0.4553 In 0.4505
36 HOMO-10 In 0.4553 In 0.4505
31 HOMO-15 Io 0.3833 Io 0.3833

In Figure 1 we plot the correlation diagram, again noting the bimodal aspects of the slopes, related to the basic orbital
composition of the in-plane orbitals. Figure 2(original paper) shows the orbitals with maximum number of radial and
angular nodes. There are at maximum two radial nodes (3c), exactly as in the case of the B1s cluster. The existence of an
outer ring with twelve atoms gives rise to a wave with twelve sign changes, based on 2p-orbitals on the twelve outer



atoms, forming a ring with six angular nodes. The m=6 angular quantum number is represented by the Greek character 1

(jota).

1.2 Bao(-):
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Figure 1. Bis(-): correlation between DFT orbital energies and particle-on-a-disk spectrum

The anionic Bzo cluster consists of a triple arrangement, with one central atom, surrounded by a hexagon, and an outer
ring of 13 atoms. The energy correlations (in Hartree), relative to the ground root are given in Tables 3 and 4 for ¢ and &

orbitals respectively.

Table 3.Correlation of DFT c-orbital energies and particle-on-a-disk spectrum



Bao(-) MO DFT Particle in circular box

Label E(Ha) Label E(Ha)
51 HOMO 2y 0.5687 2y 0.5545
50 HOMO-1 2y 0.5599 2y 0.5545
47 HOMO-4 20 0.5392 3n 0.5004
45 HOMO-6 3n 0.4667 3n 0.5004
44 HOMO-7 3n 0.4599 It 0.4192
41 HOMO-10 30 0.4553 It 0.4192
40 HOMO-11 20 0.4480 2¢ 0.3839
39 HOMO-12 28 0.4418 2¢ 0.3839
38 HOMO-13 25 0.4308 In 0.3053
37 HOMO-14 I 0.4207 In 0.3053
36 HOMO-15 It 0.4146 30 0.2964
34 HOMO-17 In 0.3971 25 0.2791
33 HOMO-18 In 0.3813 28 0.2791
32 HOMO-19 ly 0.3658 ly 0.2222
31 HOMO-20 ly 0.2982 ly 0.2222
30 HOMO-21 2n 0.2367 2n 0.1863
29 HOMO-22 2n 0.2334 2n 0.1863
28 HOMO-23 lo 0.2238 lo 0.1498
27 HOMO-24 lo 0.2026 lo 0.1498
26 HOMO-25 20 0.1399 26 0.1059
25 HOMO-26 16 0.1351 16 0.0883
24 HOMO-27 15 0.1312 15 0.0883
23 HOMO-28 In 0.0647 In 0.0381
22 HOMO-29 In 0.0617 In 0.0381
21 HOMO-30 lo 0.0000 lo 0,0000

Table 4.Correlation of DFT c-orbital energies and spectrum of a particle-on-a-disk.

Boo(-) MO DFT Paricle in a circlar box

Label E(Ha) Label E(Ha)
49 HOMO-2 20 0.5497 20 0.5578
48 HOMO-3 18 0.5413 18 0.5313
46 HOMO-5 18 0.5375 18 0.5313
43 HOMO-8 In 0.4586 In 0.4553
42 HOMO-9 In 0.4561 In 0.4553
35 HOMO-16 lo 0.3975 lo 0.3975

Figure 3 shows the correlation plot with the characteristic change of slope. Figure 2(original paper) represents the 3c-
orbital with the two radial nodes. The orbital with the highest number of angular nodes is again a 1i-orbital with twelve
sign changes. How does this fit in with the 13 atoms on the outer ring? This is explained by group theory. A wave with
m angular nodes will change 2m times when going around a ring. So for a ring with 2m atoms this maximal sign change
can be achieved by a function which transforms as cos(mg). As a result this function will transform irreducibly in the
ideal point group Czm and attain the highest ring quantum number allowed by that point group. For a ring with an odd
number 2m+1 of atoms, the irreducible representation with the highest ring quantum number in the point group would
require a half-integral quantum number m+1/2 , which is however a spinor representation instead of a real orbital
representation. As a result the highest orbital quantum number in Czm+1is also equal to m. Note however that this irrep
will be twofold degenerate. This is confirmed by the observation of two 11 orbitals in Table 3.
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Figure 3. B2o(-): correlation between DFT orbital energies and particle-on-a-disk spectrum

1.3 Elongated B1s(0):

In Table 5 we list the orbital energies for B1s(0) with the corresponding rectangular quantum numbers. In spite of the
crude model applied, the rectangular box provides a very accurate description of the spectrum. Both the principal series
(nx,1) and (1,ny) are present, as well as several combination modes. The highest longitudinal quantum number is equal to
6, while the transversal quantum number cannot exceed 4. The HOMO-4 and HOMO-6 have pronounced densities on the
capping atoms and cannot be assigned with the rectangular quantum numbers.

Table 5.0rbital energies (Hartree), and rectangular quantum numbers for B1s(0)

B16(0)
c Label E(Ha) T Label E(Ha)
HOMO 34 0.62960 HOMO-1 2,2 0.59605
HOMO-4 ? 0.47813 HOMO-2 1,2 0.53741
HOMO-5 2,4 0.46178 HOMO-3 31 0.51494
HOMO-6 ? 0.41262 HOMO-9 21 0.28552
HOMO-7 6,2 0.38252 HOMO-13 11 0.22848

HOMO-8 14 0.32318

HOMO-10 5.2 0.26436

HOMO-11 33 0.25477 AAAAR
’ L

HOMO-12 6,1 0.23823 S A S

HOMO-14 43 0.21297

HOMO-15 13 0.20976

HOMO-16 42 0.19787

HOMO-17 51 0.19573

HOMO-18 3,2 0.15964

HOMO-19 41 0.15589

HOMO-20 2,2 0.14998

HOMO-21 12 0.13143

HOMO-22 31 0.12590

HOMO-23 2,1 0.08278




2. Correlation of DFT o¢- and &- orbital energies and particle-on-a-disk spectrum.

Correlation of DFT o-orbital energies and particle-on-a-disk spectrum.

B7(-) HOMO DFT Particle in circular box

Label E(Ha) Label E(Ha)
17 HOMO-1 2n 0.4806 2n 0,4334
16 HOMO-2 2n 0.4806 lo 0,3485
15 HOMO-3 1o 0.4410 lo 0,3485
14 HOMO-4 20 0.4209 20 0,2164
12 HOMO-6 1 0.3733 18 0,2054
11 HOMO-7 15 0.3517 15 0,2054
10 HOMO-8 In 0.1790 In 0,0769
9 HOMO-9 In 0.1501 In 0,0769
8 HOMO-10 lo 0.0000 lo 0.0000

Correlation of DFT =-orbital energies and particle-on-a-disk spectrum.

Bz(-) HOMO DFT Particle in circular box
Label E(Ha) Label E(Ha)
18 HOMO In 0.5357 In 0.4750
13 HOMO-5 1o 0.3837 lo 0,3837

Correlation of DFT c-orbital energies and particle-on-a-disk spectrum.

B7(+) HOMO DFT Particle in circular box

Label E(Ha) Label E(Ha)
12 HOMO 2n 0.4901 2n 0,7019
17 HOMO-1 2n 0.4901 lo 0,5644
15 HOMO-2 lo 0.4385 1o 0,5644
14 HOMO-3 26 0.4265 26 0,3505
12 HOMO-5 18 0.3532 18 0,3327
11 HOMO-6 18 0.3531 18 0,3327
10 HOMO-7 In 0.1623 In 0,1245
9 HOMO-8 Iz 0.1623 In 0,1245
8 HOMO-9 ls  0,0000 lo 0.0000

Correlation of DFT z-orbital energies and particle-on-a-disk spectrum.
Bs(-) HOMO DFT Particle in circular box

Label E(Ha) Label E(Ha)
13 HOMO-4 lo 0.3837 lo 0,3837




Correlation of DFT o-orbital energies and particle-on-a-disk spectrum.

Bs(0)) HOMO DFT Particle in circular
box

Label E(Ha) Label E(Ha)
19 HOMO-2 2n 0.4539 2n 0.4413
18 HOMO-3 2n 0.4539 2n 0.4413
17  HOMO-4 lo 0.3891 1o 0.3548
16 HOMO-5 lo 0.3891 lo 0.3548
15 HOMO-6 20 0.3834 20 0.2508
13 HOMO-8 15 0.2910 15 0.2092
12 HOMO-9 15 0.2910 15 0.2092
11 HOMO-10 In 0.1154 In 0.0904
10 HOMO-11 In 0.1154 In 0.0904
9 HOMO-12 lo 0.0000 lo 0.0000

Correlation of DFT =-orbital energies and particle-on-a-disk spectrum.

Bs(0) HOMO DFT Particle in circular box
Label E(Ha) Label E(Ha)
21 HOMO In 0.4958 In 0.4958
20 HOMO-1 Ix 0.4958 In 0.4958
14 HOMO-7 lo 0.3742 lo 0,3742

Correlation of DFT o-orbital energies and particle-on-a-disk spectrum.

Bs(+) HOMO DFT Particle in circular
box

Label E(Ha) Label E(Ha)
19 HOMO-1 2n 0.4462 2n 0,4089
18 HOMO-2 2n 0.4426 2n 0,4089
17 HOMO-3 206 0.3954 1o 0,3288
16 HOMO-4 1o 0.3713 1¢ 0,3288
15 HOMO-5 lo 0.3711 20 0,2042
13 HOMO-7 15 0.2789 16 0,1938
12 HOMO-8 10 0.2761 18 0,1938
11 HOMO-9 In 0.1256 It 0,0725
10 HOMO-10 In 0.1176 In 0,0725
9 HOMO-11 1o 0.0000 lo 0.0000

Correlation of DFT z-orbital energies and particle-on-a-disk spectrum.

Bs(+) HOMO DFT Particle in circular box
Label E(Ha) Label E(Ha)
20 HOMO 1n 0.4937 1n 0,4938

14 HOMO-6 lo 0.3565 lo 0.3565




Correlation of DFT o-orbital energies and particle-on-a-disk spectrum.

Bs(-) HOMO DFT Particle in circular
box

Label E(Ha) Label E(Ha)
19 HOMO-2 2n 0,4447 2n 0.4292
18 HOMO-3 2n 0,4372 2 0.4292
17 HOMO-4 lo 0,3881 1o 0.3451
16 HOMO-5 lg 0,3880 lo 0.3451
14 HOMO-7 20 0,3724 20 0.2439
13 HOMO-8 15 0,2911 15 0.2034
12 HOMO-9 15 0,2909 15 0.2034
11 HOMO-10 In 0,1214 In 0.0879
10 HOMO-11 In 0,1120 In 0.0879
9 HOMO-12 lo 0.0000 lo 0.0000

Correlation of DFT =-orbital energies and particle-on-a-disk spectrum.

Bs(-) HOM DFT Particle in circular box
o]
Label E(Ha) Label E(Ha)
21 HOMO In 0,5042 In 0.4961
20 HOMO-1 1= 0,4880 In 0.4961
15 HOMO-6 lo 0,3734 lo 0,3734

Correlation of DFT o-orbital energies and particle-on-a-disk spectrum.

Bs(0) HOMO DFT Particle in circular
box

Label E(Ha) Label E(Ha)
23 HOMO ! 0.5580 28 0,5516
22 HOMO-1 2n 0.5288 ly 0,4392
21 HOMO-2 21 0.5288 ly 0,4392
18 HOMO-5 20 0.4564 1o 0,3682
17 HOMO-6 lo 0.4564 lo 0,3682
16 HOMO-7 1o 0.4166 20 0,2961
14 HOMO-9 13 0.3607 15 0,1745
13 HOMO-10 10 0.3606 18 0,1745
12 HOMO-11 In 0.1764 It 0,0653
11 HOMO-12 In 0.1764 It 0,0653
10 HOMO-13 lo 0,0000 lo 0,0000

Correlation of DFT =-orbital energies and particle-on-a-disk spectrum.

Bs(0) HOMO DFT Particle in circular box
Label E(Ha) Label E(Ha)
20 HOMO-3 In 0.4993 In 0.4993
19 HOMO-4 In 0.4993 In 0.4993

15 HOMO-10 lo 0.3577 lo 0.3577




Correlation of DFT o-orbital energies and particle-on-a-disk spectrum.

Bs(-) HOMO DFT Particle in circular box

Label E(Ha) Label E(Ha)
21 HOMO-2 20,3993 ly 0,4016
20 HOMO-3 2r 0,3993 2n 0,3367
19 HOMO-4 ly 0,3630 2n 0,3367
17 HOMO-6 20 0,3225 ¥0) 0,2707
16 HOMO-7 1o 0,3223 ¥0) 0,2707
15 HOMO-8 lo 0,3223 20 0,1914
14 HOMO-9 15 0,2306 15 0,1596
13 HOMO-10 15 0,2306 15 0,1596
12 HOMO-11 In 0,0951 In 0,0689
11 HOMO-12 Iz 0,0951 In 0,0689
10 HOMO-13 10,0000 lo 0,0000

Correlation of DFT =-orbital energies and particle-on-a-disk spectrum.

Bo(-) HOMO DFT Particle in circular box
Label E(Ha) Label E(Ha)
23 HOMO In 0,4587 In 0.5692
22 HOMO-1 In 0,4587 I 0.5692
18 HOMO-5 lo 0,3630 lo 0,3630

Correlation of DFT c-orbital energies and particle-on-a-disk spectrum.

B12(0) HOMO DFT Particle in circular
box

Label E(Ha) Label E(Ha)
30 HOMO 1v,28 0,5236 30 0,5123
29 HOMO-1 1v,28 0,5236 28 0,4823
26 HOMO-4 3o 0,4700 25 0,4823
25 HOMO-5 2m,1y 0,4397 ly 0,3840
24  HOMO-6 2n 0,4397 ly 0,3840
23 HOMO-7 2n 0,4212 2n 0,3220
22 HOMO-8 ly 0,4212 2n 0,3220
20 HOMO-10 1o 0,3758 1o 0,2588
19 HOMO-11 1o 0,3288 1o 0,2588
18 HOMO-12 206 0,2086 206 0,1608
17 HOMO-13 18 0,2052 18 0,1523
16 HOMO-14 18 0,2052 18 0,1523
15 HOMO-15 In 0,0865 In 0,0571
14 HOMO-16 In 0,0865 In 0,0571
13 HOMO-17 lo 0,0000 lo 0,0000

Correlation of DFT z-orbital energies and particle-on-a-disk spectrum.

B12(0) HOMO DFT Particle in circular box

Label E(Ha) Label E(Ha)




28 HOMO-2 1n 0,4942 In 0.4961
27 HOMO-3 In 0,4942 In 0.4961
21 HOMO-9 lo 0,3958 lo 0,3958

Correlation of DFT c-orbital energies and particle-on-a-disk spectrum.

Bia(+) HOMO DFT Particle in circular
box

Label E(Ha) Label E(Ha)
30 HOMO 1y.28 0.5210 30 0,5054
29 HOMO-1 1y,26 0.5197 28 0,4759
26 HOMO-4 30 0.4677 28 0,4759
25 HOMO-5 2m, 1y 0.4380 ly 0,3788
24  HOMO-6 2n 0.4375 ly 0,3788
23 HOMO-7 1y 0.4168 2n 0,3176
22 HOMO-8 2n 0.4146 2n 0,3176
20 HOMO-10 lo 0.3753 lo 0,2554
19 HOMO-11 lo 0.3293 lo 0,2554
18 HOMO-12 26 0.2131 2¢ 0,1586
17 HOMO-13 18 0.2088 18 0,1506
16 HOMO-14 18 0.2050 18 0,1506
15 HOMO-15 In 0.0920 In 0,0563
14 HOMO-16 In 0.0870 In 0,0563
13 HOMO-17 lo 0.0000 lo 0.0000

Correlation of DFT =-orbital energies and particle-on-a-disk spectrum.

Bi2(+) HOMO DFT Particle in circular box
Label E(Ha) Label E(Ha)
28 HOMO-2 In 0.5049 In 0.5031
27 HOMO-3 In 0.5012 In 0.5031
21 HOMO-9 lo 0.4026 lo 0.4026

Correlation of DFT o-orbital energies and particle-on-a-disk spectrum.

Bia(-) HOMO DFT Particle in circular
box

Label E(Ha) Label E(Ha)
29 HOMO-1 1v,28 0,5096 30 0,4321
28 HOMO-2 1v,28 0,5028 28 0,4068
25 HOMO-5 30 0,3830 26 0,4068
24 HOMO-6 2w, 1y 0,2649 1y 0,3239
23 HOMO-7 21 0,2238 1y 0,3239
22 HOMO-8 1y 0,2065 2n 0,2716
21 HOMO-9 21 0,1753 21 0,2716
19 HOMO-11 lo 0,1585 lo 0,2184
18 HOMO-12 lo 0,1567 1o 0,2184
17 HOMO-13 20 0,1319 20 0,1543

16 HOMO-14 18 0,1110 18 0,1287



15 HOMO-15 15 0,1109 15 0,1287

14 HOMO-16 In 0,0821 In 0,0556
13 HOMO-17 In 0,0764 In 0,0556
12 HOMO-18 lo 0.0000 lo 0.0000
Correlation of DFT =-orbital energies and particle-on-a-disk spectrum.
Bi2(-) HOMO DFT Particle in circular box
Label E(Ha) Label E(Ha)
30 HOMO 18 0,5956 18 0.5910
27 HOMO-3 In 0,3946 In 0.3548
26 HOMO-4  Ix 0,3872 In 0.3548
20 HOMO-10 Ic 0,1750 lo 0,1750

Correlation of DFT o-orbital energies and particle-on-a-disk spectrum.

Bis(+) HOMO DFT Particle in circular
box

Label E(Ha) Label E(Ha)
32 HOMO 28 0.5033 In 0,5248
31 HOMO-1 28 0.4850 30 0,4049
28 HOMO-4 30 0.4490 28 0,3812
27 HOMO-5 In 0.4193 28 0,3812
26 HOMO-6 2n 0.4074 ly 0,3035
25 HOMO-7 2% 0.4070 ly 0,3035
23 HOMO-9 ly 0.3810 2 0,2545
22 HOMO-10 1y 0.3804 2 0,2545
21 HOMO-11 lo 0.3194 lo 0,2046
20 HOMO-12 1o 0.2842 lo 0,2046
19 HOMO-13 20 0.1861 20 0,1271
18 HOMO-14 18 0.1754 15 0,1260
17 HOMO-15 15 0.1744 16 0,1206
16 HOMO-16 In 0.0779 In 0,0452
15 HOMO-17 In 0.0677 In 0,0452
14 HOMO-18 lo 0.0000 lo 0.0000

Correlation of DFT =-orbital energies and particle-on-a-disk spectrum.

Bi3(+) HOM DFT Particle in circular box
o]
Label E(Ha) Label E(Ha)
30 HOMO-2 Iz 0.4749 1n 0.4726
29 HOMO-3 Iz 0.4703 1n 0.4726

24 HOMO-8 1o 0.3848 lo 0.3848




Correlation of DFT o-orbital energies and particle-on-a-disk spectrum.

B14(0) HOMO DFT Particle in circular
2nd box
stable
Label E(Ha) Label E(Ha)
34 HOMO-1 28 0.5298 In 0,4918
33 HOMO-2 3m,In 0.5188 In 0,4918
30 HOMO-4 1y,26 0.4758 30 0,4776
29 HOMO-6 30 0.4586 28 0,4497
28 HOMO-7 In 0.4473 2% 0,4497
27 HOMO-8 2n 0.4233 ly 0,3580
26 HOMO-9 ly 0.4225 ly 0,3580
25 HOMO-10  1¢2=n 0.3931 2n 0,3002
24 HOMO-12 ly 0.3907 2n 0,3002
22 HOMO-13 lo 0.2865 lo 0,2414
21 HOMO-14 lo 0.2556 lo 0,2414
20 HOMO-15 20 0.2135 20 0,1706
19 HOMO-16 15 0.1941 15 0,1423
18 HOMO-17 15 0.1457 15 0,1423
17 HOMO-18 In 0.0922 In 0,0615
16 HOMO-19 In 0.0701 In 0,0615
15 HOMO-20 lo 0.0000 lo 0.0000
Correlation of DFT =-orbital energies and particle-on-a-disk spectrum.
B14(0) HOM DFT Particle in circular box
o]
Label E(Ha) Label E(Ha)
35 HOMO 15 0.5620 13 0.5596
32 HOMO-3 Ix 0.4987 In 0.4652
30 HOMO-5 1= 0.4754 In 0.4652
24 HOMO-11 Io 0.3909 lo 0.3909

Correlation of DFT o-orbital energies and particle-on-a-disk spectrum.

Bia(+) HOMO DFT Particle in circular
box

Label E(Ha) Label E(Ha)
34 HOMO-1 25 0.5363 In 0,4922
33 HOMO-2 3m,In 0.5220 In 0,4922
30 HOMO-5 25 0.4765 30 0,4803
29 HOMO-6 30 0.4637 28 0,4522
28 HOMO-7 In 0.4490 28 0,4522
27 HOMO-8 2n 0.4283 Ly 0,3600
26 HOMO-9 ly 0.4225 Ly 0,3600
25  HOMO-10 ly 0.3961 2n 0,3019
24 HOMO-11 2n 0.3959 21 0,3019
22 HOMO-13 lo 0.2950 lo 0,2427
21 HOMO-14 lo 0.2569 lo 0,2427
20 HOMO-15 26 0.2093 26 0,1716
19 HOMO-16 16 0.1993 18 0,1431

18 HOMO-17 18 0.1460 18 0,1431



17 HOMO-18 In 0.0958 ln 0,0618

16 HOMO-19 In 0.0702 In 0,0618
15 HOMO-20 lo 0.0000 lo 0.0000
Correlation of DFT n-orbital energies and particle-on-a-disk spectrum.
Bu(+) HOM DFT Particle in circular box
(0]

Label E(Ha) Label E(Ha)

35 HOMO 18 0.5642 18 0.5608

32 HOMO-3 Ixn 0.5067 In 0.4756

31 HOMO-4 In 0.4766 In 0.4518

23 HOMO-12 lo 0.3935 lo 0.3935

Correlation of DFT o-orbital energies and particle-on-a-disk spectrum.

B1a(-) HOMO DFT Particle in circular
box

Label E(Ha) Label E(Ha)

36 HOMO In,2¢ 0.5885 2¢ 0,5937
34 HOMO-2 25 0.5234 In 0,4720
33 HOMO-3 In,3n 0.5116 In 0,4720
30 HOMO-6 28 0.4660 30 0,4584
29 HOMO-7 3o 0.4558 28 0,4316
28 HOMO-8 In 0.4490 28 0,4316
27 HOMO-9 2n 0.4241 ly 0,3279
26 HOMO-10 ly 0.4208 ly 0,3279
25 HOMO-11 2n 0.3990 2n 0,2881
24 HOMO-12 ly 0.3929 2n 0,2881
22 HOMO-14 lo 0.2867 lo 0,2317
21 HOMO-15 lo 0.2539 lo 0,2317
20 HOMO-16 20 0.2115 20 0,1637
19 HOMO-17 18 0.1890 18 0,1366
18 HOMO-18 18 0.1474 18 0,1366
17 HOMO-19 In 0.0892 In 0,0590
16 HOMO-20 In 0.0680 In 0,0590
15 HOMO-21 lo 0.0000 lo 0.0000

Correlation of DFT z-orbital energies and particle-on-a-disk spectrum.
Bu(-) HOM DFT Particle in circular
(@) box

Label E(Ha)  Label E(Ha)

35 HOMO-1 I 0.5610 18 0.5582

32 HOMO-3 In 0.4926 In 0.4580

31 HOMO-4 In 0.4667 In 0.4580

23 HOMO-13 lo 0.3821 lo 0.3821




Correlation of DFT o-orbital energies and particle-on-a-disk spectrum.

B1s(0) HOMO DFT Particle in circular
box
Label E(Ha) Label E(Ha)
38 HOMO In,2¢ 0.5620 2¢ 0,5296
36 HOMO-2 2¢ 0.5011 2¢ 0,5296
35 HOMO-3 25 0.4824 In 0,4211
32 HOMO-6 17,28 0.4497 In 0,4211
31 HOMO-7 30 0.4375 30 0,4089
30 HOMO-8 In 0.4232 28 0,3850
29 HOMO-9 In 0.4205 28 0,3850
27 HOMO-10 2n 0.4065 ly 0,3051
26 HOMO-12 ly2n 0.3689 ly 0,3051
25 HOMO-13 ly 0.3610 2n 0,2570
24 HOMO-14 ly 0.3518 2n 0,2570
23 HOMO-15 lo 0.2510 lo 0,2066
22 HOMO-16 lo 0.2299 lo 0,2066
21 HOMO-17 26 0.1904 26 0,1461
20 HOMO-18 15 0.1708 13 0,1218
19 HOMO-19 15 0.1264 13 0,1218
18 HOMO-20 In 0.0809 In 0,0526
17 HOMO-21 In 0.0567 In 0,0526
16 HOMO-22 lo 0.0000 lo 0.0000
Correlation of DFT =-orbital energies and particle-on-a-disk spectrum.
Bis(0) HOM DFT Particle in circular box
O

Label E(Ha) Label E(Ha)

37 HOMO-1 13 0.5449 18 0.5363

34 HOMO-4 Ix 0.4623 In 0.4784

33 HOMO-5 Ix 0.4409 In 0.4511

27 HOMO-11 Io 0.3845 lo 0.3845

Correlation of DFT o-orbital energies and particle-on-a-disk spectrum.

Bis(+) HOMO DFT Particle in circular
box

Label E(Ha) Label E(Ha)
36 HOMO-1 2¢ 0.5121 20 0,5407
35 HOMO-2 306,28 0.4898 In 0,4299
32 HOMO-5 25 0.4591 In 0,4299
31 HOMO-6 30 0.4444 30 0,4175
30 HOMO-7 In 0.4275 25 0,3931
29  HOMO-8 In 0.4201 28 0,3931
28 HOMO-9 2n 0.4122 ly 0,3130
26 HOMO-11 ly,2n 0.3706 Ly 0,3130
25 HOMO-12  2x;, 1y 0.3586 2n 0,2624
24  HOMO-13 ly 0.3573 2n 0,2624
23 HOMO-14 Ll 0.2532 lo 0,2120
22 HOMO-15 1o 0.2286 lo 0,2120

21 HOMO-16 26 0.1885 20 0,1491



20 HOMO-17 18 0.1717 13 0,1244

19 HOMO-18 16 0.1284 15 0,1244
18 HOMO-19 In 0.0793 In 0,0537
17 HOMO-20 In 0.0608 In 0,0537
16 HOMO-21 lo 0.0000 lo 0.0000
Correlation of DFT n-orbital energies and particle-on-a-disk spectrum.
Bis(+) HOM DFT Particle in circular box
O
Label E(Ha) Label E(Ha)
37 HOMO 13 0.5378 13 0.5409
34 HOMO-3 1In 0.4625 I 0.4835
33 HOMO-4 1z 0.4387 I 0.4604
27 HOMO-10 Ic 0.3863 lo 0.3863

Correlation of DFT o-orbital energies and particle-on-a-disk spectrum.

Bis(-) HOMO DFT Particle in circular
box
Label E(Ha) Label E(Ha)
38 HOMO-1  1In.2¢ 0.5523 2¢ 0,5210
36 HOMO-2  25,2¢ 0.4934 2¢ 0,5210
35 HOMO-3 11,28 0.4772 In 0,4142
32 HOMO-6 17,28 0.4435 In 0,4142
31 HOMO-7 30 0.4319 30 0,4023
30 HOMO-8 In 0.4195 28 0,3788
29 HOMO-9 In 0.4168 28 0,3788
28 HOMO-10 2n 0.4043 ly 0,3015
26 HOMO-12 ly2n 0.3663 ly 0,3015
25 HOMO-13 ly 0.3603 2n 0,2528
24 HOMO-14 ly 0.3477 2n 0,2528
23 HOMO-15 lo 0.2508 lo 0,2033
22 HOMO-16 1l 0.2290 lo 0,2033
21 HOMO-17 26 0.1925 26 0,1437
20 HOMO-18 13 0.1726 13 0,1198
19 HOMO-19 I 0.1235 18 0,1198
18 HOMO-20 In 0.0810 In 0,0518
17 HOMO-21 In 0.0544 In 0,0518
16 HOMO-22 lo 0.0000 lo 0.0000
Correlation of DFT =-orbital energies and particle-on-a-disk spectrum.
Bis(-) HOM DFT Particle in circular box
o]

Label E(Ha) Label E(Ha)

37 HOMO-1 18 0.5300 18 0.5288

34 HOMO-3 In 0.4734 In 0.4529

33 HOMO-4 In 0.4450 In 0.4351

27 HOMO-11 1o 0.3892 lo 0.3892




Correlation of DFT o-orbital energies and particle-on-a-disk spectrum.

B1s(0) HOMO DFT Particle in circular
box

Label E(Ha) Label E(Ha)
42 HOMO-3 20,37 0.5288 3n 0,5429
41 HOMO-4 3n 0.5288 3n 0,5429
40 HOMO-5 2¢ 0.5255 2¢ 0,4972
39 HOMO-6 2¢ 0.4902 2¢ 0,4972
38 HOMO-7 n,28 0.4902 In 0,3949
35 HOMO-10 30 0.4665 In 0,3949
34 HOMO-11 30,10 0.4584 30 0,3835
33 HOMO-12 28 0.4404 28 0,3616
32 HOMO-13 In 0.4404 28 0,3616
30 HOMO-15 ly 0.3741 ly 0,2874
29 HOMO-16 ly 0.3741 1y 0,2874
28 HOMO-17 2n 0.2634 2n 0,2410
27 HOMO-18 2n 0.2634 2n 0,2410
26 HOMO-19 lo 0.2618 lo 0,1938
25 HOMO-20 lo 0.2455 lo 0,1938
24 HOMO-21 26 0.1494 26 0,1203
23 HOMO-22 18 0.1487 I 0,1142
22 HOMO-23 18 0.1487 I 0,1142
21 HOMO-24 In 0.0629 In 0,0427
20 HOMO-25 In 0.0629 In 0,0427
19 HOMO-26 lo 0.0000 lo 0.0000

Correlation of DFT =-orbital energies and particle-on-a-disk spectrum.

B1s(0) HOMO DFT Particle in circular box

Label E(Ha) Label E(Ha)
45 HOMO 18 0.5797 26 0.5723
44 HOMO-1 13 0.5797 18 0.5633
43 HOMO-2 26 0,5520 18 0.5633
37 HOMO-8 In 0.4670 In 0.4574
36 HOMO-9 In 0.4670 In 0.4574
31 HOMO-14  Io 0.3942 lo 0.3942

Correlation of DFT o-orbital energies and particle-on-a-disk spectrum.

B19(0) HOMO DFT Particle in circular
box

Label E(Ha) Label E(Ha)
48 HOMO 2y 0.5658 2y 0.5450
44 HOMO-4 n,2¢ 0.5079 2y 0.5450
43 HOMO-5 3n 0.5010 3n 0.4566
42 HOMO-6 3n 0.4834 3n 0.4566
39 HOMO-9 1,20 0.4497 2¢ 0.4181
38 HOMO-10 2y 0.4496 2¢ 0.4181

37  HOMO-11 I 0.4343 In 0.3325



36 HOMO-12 In, 1t 0.4338 In 0.3325

35  HOMO-13 3¢ 0.4249 30 0.3229
34  HOMO-14 25 0.4154 28 0.3040
32  HOMO-16 23 0.3782 28 0.3040
31 HOMO-17 1y 0.3514 1y 0.2420
30 HOMO-18 1y 0.3314 ly 0.2420
29  HOMO-19 2= 0.2410 2n 0.2029
28 HOMO-20 2= 0.2391 2n 0.2029
27 HOMO-21  1g 0.2339 lo 0.1632
26 HOMO-22  1g 0.2251 lo 0.1632
25  HOMO-23 1% 0.1423 2 0.1154
24 HOMO-24 1% 0.1374 18 0.0962
23 HOMO-25 26 0.1307 18 0.0962
22  HOMO-26 1= 0.0670 In 0.0416
21 HOMO-27 1= 0.0552 In 0.0416
20 HOMO-28  Io 0.0000 lo 0.0000

Correlation of DFT z-orbital energies and particle-on-a-disk spectrum.

B19(0) HOMO DFT Particle in circular box

Label E(Ha) Label E(Ha)
47 HOMO-1 15 0.5419 15 0.5542
46 HOMO-2 15 0.5482 15 0.5256
45 HOMO-3 26 0.5330 26 0.5256
40 HOMO-7 In 0.4621 In 0.4441
39 HOMO-8 In 0.4567 In 0.4441
33 HOMO-15 1o 0.3820 lo 0.3820

Correlation of DFT o-orbital energies and particle-on-a-disk spectrum.

Bis(-) HOMO DFT Particle in circular
box
Label E(Ha) Label E(Ha)
48 HOMO-3 20 0.5060 3n 0,4839
44 HOMO-4 2¢ 0.5019 3n 0,4839
43 HOMO-6 3n 0.4444 It 0,4054
42 HOMO-8 3n 0.4416 It 0,4052
39 HOMO-9 28 0.4187 2¢ 0,3713
38 HOMO-10 26 0.4166 2¢ 0,3713
37 HOMO-11 It 0.4159 In 0,2952
36 HOMO-12 It 0.4147 In 0,2952
35 HOMO-13 36 0.4136 36 0,2867
34 HOMO-14 In 0.3742 28 0,2699
32 HOMO-16 In 0.3691 25 0,2699
31 HOMO-17 1y 0.3181 ly 0,2149
30 HOMO-18 ly 0.3083 ly 0,2149
29  HOMO-19 2 0.2293 2n 0,1802
28 HOMO-20 2 0.2250 2n 0,1802
27 HOMO-21 1o 0.2158 lo 0,1448

26 HOMO-22 lo 0.2149 lo 0,1448



25 HOMO-23 16 0.1293 20 0,1024

24 HOMO-24 I 0.1281 15 0,0854
23 HOMO-25 26 0.1248 13 0,0854
22 HOMO-26 In 0.0656 In 0,0369
21 HOMO-27 In 0.0582 In 0,0369
20 HOMO-28 lo 0.0000 lo 0.0000

Correlation of DFT n-orbital energies and particle-on-a-disk spectrum.

Bio(-) HOMO DFT Particle in circular box

Label E(Ha) Label E(Ha)
47 HOMO 20 0.5232 20 0.5280
46 HOMO-1 15 0.5209 15 0.5015
45 HOMO-2 15 0.5195 15 0.5015
40 HOMO-5 In 0.4463 In 0.4257
39 HOMO-7 In 0.4423 In 0.4257
33 HOMO-15 lo 0.3730 lo 0.3730

Correlation of DFT o-orbital energies and particle-on-a-disk spectrum.

B2o(2-) HOMO DFT Particle in circular
box

Label E(Ha) Label E(Ha)
51 HOMO 3m,2y 0.5699 2y 0,5336
50 HOMO-1 1,2y 0.5658 2y 0,5336
46 HOMO-5 2¢ 0.5267 3n 0,4816
45 HOMO-6 3n 0.4564 3n 0,4816
44 HOMO-7 3n 0.4561 It 0,4035
43 HOMO-8 2¢ 0.4519 It 0,4035
40 HOMO-11 I 0.4416 2¢ 0,3695
39 HOMO-12 I 0.4381 2¢ 0,3695
38 HOMO-13 30 0.4254 In 0,2938
37 HOMO-14 2% 0.4143 In 0,2938
36 HOMO-15 2% 0.4137 30 0,2853
35 HOMO-16 In 0.3906 25 0,2686
34 HOMO-17 In 0.3890 25 0,2686
32 HOMO-19 ly 0.2935 ly 0,2129
31 HOMO-20 ly 0.2933 ly 0,2129
30 HOMO-21 2n 0.2317 2n 0,1793
29 HOMO-22 2n 0.2314 2n 0,1793
28 HOMO-23 1o 0.2189 lo 0,1442
27 HOMO-24 1o 0.1989 lo 0,1442
26 HOMO-25 20 0.1353 20 0,1019
25 HOMO-26 13 0.1293 13 0,0850
24 HOMO-27 13 0.1289 13 0,0850
23 HOMO-28 In 0.0633 In 0,0367
22 HOMO-29 In 0.0583 In 0,0367
21 HOMO-30 lo 0.0000 lo 0.0000

Correlation of DFT z-orbital energies and particle-on-a-disk spectrum.




B2o(2-) HOMO DFT Particle in circular box

Label E(Ha) Label E(Ha)
49 HOMO-2 26 0.5386 20 0.5441
48 HOMO-3 18 0.5303 18 0.4948
47 HOMO-4 15 0.5302 15 0.4750
42 HOMO-9 In 0.4489 I 0.4186
41 HOMO-10 I=n 0.4459 I 0.4186
33 HOMO-18 1o 0.3758 lo 0.3758

18



3. Diagrams of the correlation of DFT o- and n-orbital energies and particle-on-a-disk spectrum.
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4, XYZ Coordinates of boron clusters
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Bi4(+) second structure
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