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Table S1: Relative energies [kcal/mol] and HOMO-LUMO gaps [eV] of Cz4
anions.

4 6
Cua Cu

Sym.(No.)* PA
AM1 B3LYP/6-31G* gap AM1 B3LYP/6-31G* gap

C,(13333) 2 3.69 0.00 1.55 4.39 5.31 1.50
D3n(14246) O 0.00 4.19 0.61 0.00 6.95 1.59
C2(13290) 2 10.44 7.28 1.49 13.54 9.71 1.62
C,(13295) 2 13.09 9.86 1.17 2.94 0.00 2.12
C,(13291) 2 18.41 14.60 1.19 17.96 1411 1.72
Cs(13336) 2 20.20 17.17 1.18 26.11 25.25 1.37
C1(13408) 2 21.43 17.52 1.10 11.64 8.89 2.07
C2(13292) 2 24.47 21.77 0.87 20.83 18.15 1.80
C2(14239) 2 22.81 21.54 0.96 23.95 15.32 1.56

& Symmetry of the original empty cage. The numbers of cages are spiral numbers.

Table S2. AE(S-T) [kcal/mol] of M,@C74isomers. Vertical AE(S-T) represents
splitting energy without change of geometry structure.

Sym.( No.) Sc,@Cr4 La,@C4
Dan(14246) 12.67 -1.97
C2(13295) -17.04 0.37
C,(13295)-vertical - -8.56
C2(13333) -2.75 6.63
C,(13333)-vertical - 6.63
C1(13408) -11.68 -0.11

C»(13291) -10.35 3.51
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C2(13290) - 6.82

Table S3. Natural Electron Configuration populations of metal atoms, metal
atom distances (dm-m) and metal-cage distances (between the metal atoms and
adjacent C-C bond of pentagon rings of PA fragments) in Ca;@Cr4 , SC,@Cr4
and La,@C74 isomers. Ca,@C,(13333)-C;4 was calculated at B3LYP/6-31G*

level.
Natral Electronic Population/e dvm/A du-c/A
Ca,@C,(13333)-C1s 4s 9273009 p" 275 0-02550.01 3.830 2.688
Sc,@C,(13333)-Cy4 45 000311242095 001410225013 4.879 2.209
Sc,@C,(13295)-Cr4 45 0003108402255 00144024 4.906 2.193
Sc,@D3(14246)-Cr4 4s 01031194 p" 5 0014018 3.801 2.192
SC,@D3n(14246)-Cry-t 45 *143¢% 4" %4010 3.776 2.220
La,@C,(13333)-C1s 6s 0014f 0375 09gp0-27g 0-135f 00164010740-22 3.932 2.570
La,@C,(13333)-Cys-t 6s 0184f 0345 097gp04975 0015 0.01610.097,0.01 3.846 2.613
La,@C,(13295)-C7s 6s 0004f 04050 90g 01674 0-1g5f 0.01640-11770.23 4.100 2.589
La,@C,(13295)-Cr,-t 6s 07af 0345 097gp04975 0015f 001600975001 3.891 2.715
La,@D31(14246)-C14 4f 0305 097601875 0-15¢ 0026401277020 3.504 2.444

Table S4. The length values of C-C bonds (BV) in PAI fragments and distance
values (DV) between C-C bonds and metal atoms (near PAI).

a. BV and DV of PAI in C,(13333)-C;4 EMFs.

neutral  Sc,@C,(13333)-C74  La,@C,(13333)-C74*  ScsN@C(13333)-C4
bond BV/A  BVIA DV/A BV/A DV/A BV/A DV/A
1-5 1.419 1.447 2.209 1.437 2.676 1.447 2.299
1-8 1.437 1.457 2.165 1.449 2.643 1.445 2.329
1-2 1.420 1.465 2.204 1.460 2.635 1.453 2.307




Electronic Supplementary Material (ESI) for Nanoscale
This journal is © The Royal Society of Chemistry 2012

5-6 1.426 1.438 2.323 1.442 2.724 1.442 2.356
5-4 1.428 1.431 2.373 1.437 2.725 1.436 2.342
6-7 1.439 1.469 2.345 1.474 2.729 1.470 2.434
7-8 1.464 1.459 2.243 1.463 2.676 1.451 2.415
2-3 1.458 1.460 2.372 1.470 2.676 1.459 2.372
3-4 1.439 1.448 2.485 1.464 2.737 1.462 2.400
average | 1.437 1.453 - 1.455 - 1.452 -

in triplet state.
b. BV and DV of PAI in C;(13295)-C;4 EMFs.

neutral  Sc,@C,(13295)-C74  La,@C,(13295)-C74  ScsN@C(13295)-Cy4
bond BV/A BV/A DV/A BV/A DV/A BV/A DV/A
1-5 1.451 1.445 2.193 1.435 2.589 1.432 2.299
1-8 1.423 1.45 2.274 1.451 2.661 1.456 2.329
1-2 1.404 1.451 2.300 1.454 2.634 1.457 2.307
5-6 1.420 1.459 2.193 1.456 2.590 1.441 2.356
5-4 1.403 1.465 2.207 1.466 2.553 1.443 2.342
6-7 1.472 1.466 2.260 1.467 2.649 1.453 2.434
7-8 1.453 1.456 2.311 1.463 2.689 1.459 2.415
2-3 1.456 1.456 2.391 1.473 2.632 1.461 2.372
3-4 1.466 1.464 2.328 1.479 2.582 1.451 2.400

c. BV of PAII (in Sc,N@C,(13333)-C7, and Sc,N@C(13295)-Crs).

PA 1l in SC3N@C2(13333)-C74 PAIl in SCsN@C2(13295)-C74
bond BV/A bond BV/A
70-74 1.431 72-73 1.423
70-69 1.421 72-60 1.430
70-71 1.417 72-71 1.434
74-67 1.413 73-62 1.433
74-73 1.432 73-74 1.436
69-68 1.463 62-61 1.456
68-67 1.443 61-60 1.450
71-72 1.476 71-70 1.453
72-73 1.442 70-74 1.453

Table S5: NICS [ppm] values of pentagon rings in PA fragments.
RingA RingB
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NICS(-1) NICS(0) NICS(1) NICS(-1) NICS(0) NICS(1)

C2(13333)-Cra4 6.14 14.78 3.58 31.12 43.45 17.17
Sc,@C5(13333)-Cra -42.2 -20.93 -5.91 -43.9 -20.81 -6.43
La,@C,(13333)-Cr4 -28.46 -12.54 -4.25 -32.81 -14.05 -4.64
La,@C,(13333)-Cra-t -28.66 -13.73 -5.07 -29.72 -15.00 -5.37
Ca,@C5(13333)-Cr4 -10.16 2.37 0.64 -18.76 -10.48 -4.81

ScN@C,(13333)-Cro(PAI)  -3951  -1961  -6.07  -3825  -205  -6.41
ScN@C,(13333)-Cra(PAIl)  -19.85  -9.09  -295  -2038  -851  -2.49

C2(13295)-C4 1955 839  -3.13 6.07 2700  12.03
SC,@C5(13295)-Cra 4659 2310  -641  -35.18  -19.19  -550
La,@C5(13295)-Ca 3262  -1642 501  -3350  -1578  -4.47
La,@C5(13295)-Cra-t - - - - - -

Ca,@C5(13295)-Cra -3.61 15.59 7.2 1281 596  -1.44

SCN@Cy(13295)-Cra(PAl) 4158  -19.33  -567  -41.00  -20.05  -6.77
SCN@Cy(13295)-Cra(PAIl)  -23.01  -12.19  -437  -21.40  -12.72  -4.74

Table S6: *C NMR chemical shifts [ppm] of Sc,@C»(13333)-Cs4 and
Sc,@C,(13295)-Cyy predicted at B3LYP/6-31G*~Lanl2DzZ and
B3LYP/6-311G*~Lanl2DZ levels.

SC,@C(13333)-Cra SC,@C(13295)-Cra

B3LYP/6-31G*~lan  B3LYP/6-311G*~lan  B3LYP/6-31G*~lan B3LYP/6-311G*~lan
128.00 128.72 124.90 12555
130.30 131.39 130.13 130.77
131.23 132.41 131.05 131.94
133.28 134.47 131.48 132.15
133.60 135.00 131.91 132.61
133.76 135.08 132.28 133.57
134.59 135.87 133.19 134.15
135.04 136.12 133.85 134.49
135.15 136.37 134.32 136.50
135.66 136.86 138.72 139.84
136.76 137.88 139.22 141.39
137.84 139.92 139.95 141.66
137.97 140.00 140.13 142.41
138.09 140.21 141.20 142.54

138.36 140.74 141.42 143.07
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139.27 140.75 141.56 143.38
139.40 140.82 141.66 143.44
139.95 142.12 141.87 143.97
140.00 142.15 142.12 144.05
141.59 143.69 142.30 144.90
141.67 144.23 142.96 145.04
141.99 144.96 143.07 145.29
142.62 145.05 145.06 147.49
142.79 145.29 145.27 147.66
144.10 146.63 146.56 149.47
144.19 146.74 147.21 149.94
144.86 147.45 147.53 150.65
145.07 147.46 148.51 151.07
145.51 147.64 149.53 152.57
147.14 149.08 151.31 153.94
147.38 150.80 152.45 156.25
148.31 151.09 153.43 157.00
148.82 151.65 153.45 157.09
149.22 152.62 153.53 157.85
150.51 153.27 155.59 159.47
151.78 154.28 157.04 160.11
156.71 161.50 159.12 164.48
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Figure S1: AEpe~M-M distance correlation maps. Red dots represent AEpg
and M-M distance in M,@Cy4 isomers.
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Figure S2: Geometry structures of ScsN@Cy4 and Ca,@Cy4 isomers (adjacent
pentagons are colored with blue).
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Figure S3: Simulated infrared spectra of M,@C,.
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