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Table S1. The symmetry, B-B bond length shared between a five- and a six-membered ring (ds., in
A), B-B bond length shared between two six-membered rings (d.q, in A), B-Al bond length (dg_aj,
in A), B-Li bond length (ds.1;,in A), By cage diameter (D, in A) for Al;Li»0&Bg at different levels
of theory.

Level Syl’l’ll’l’l ds_(, d6-6 dB-Al dB-Li D
PBE0/6-31G(d) I 1.788 1.673 2.125 2.207 8.5
PBE0/6-311G(d) I 1.785 1.669 2.124 2.202 8.5
TPSSH/6-31G(d) Iy 1.793 1.675 2.133 2219 85
B3LYP/6-31G(d) I 1.790 1.677 2.140 2.203 8.5
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Figure S1. The complete molecular orbital energy diagram of Al;;Li,&Beo.
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Figure S2. The complete molecular orbital energy diagram of Al,oLi;»&Beo.
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Table S2. The push electron oxidation effects of the super-reduced polyanionic state Bgo>*/Bgo®0~
cage with the powerfully strong negative electric fields are characterized as the energies (4E) of
conversion between unoxidized Cags’ and oxidised Cag®"/Cag!® in Bgr®® and Bg®® cages,

respectively.?

System V(Bgo) Cag Cag'0" Cag®t AE(eV)
6e&[(AF)1n(Li*)0] &Bo™® ~50  —4063.93 a.u. — ~4058.57 a.u. 145.97
12e &[(AP)20(Li")12]&Bgo® —60 —4063.90 a.u. —4055.35 a.u. — 232.58

aFor 14e &[(AP)12(Lit)20]&[(Cag)¥ @Bgo** ], the single point energies of the separately neutral
Cag and Cag®" cation were calculated, respectively. Energy difference between the Caq® and Cag®*
is 145.97 eV. Similarly, for 22e &[(AI*"),0(Li")12]&[(Cag)' " @Bgo®®"], the single point energy
difference value between the neutral Cag® and Cag!?" cation is 232.58 eV.

Table S3. The number of excess electron (N(), multiple ionization potentials (IP,, in eV) for
AllzLizo&B60, AlzoLilz&BGQ and A112Li20&(Ca6@B60) as well as AlzoLilz&(Ca6@B60).

System N{e} IP] IPZ IP3 IP4 IP5 IP6 IP7 IPg IPg
6 &[(AP)12(Li")20] &Beo® 6 4.63 7.04 874 1098 1322 1544
12¢ & [(AP")20(Li")12] &Bio 12 4.25 6.49 8.41 10.54 1281 1497 1739 19.58 21.77

14e  &[(AP)12(LiM)a0]&[(Cag) @Beo™ ] 14 4.37 6.26 8.75 10.87 13.24 1554 17.89 20.10 2237

22¢ &[(AP)(Li)n]&[(Cag) @B ] 22 342 638 826 1137 1334 1512 17.70 1971 2135

System N{e} IP[O IP“ IP12 IP13 IP14 IP15 IP16 IP]7 IPlg

126 &[(AF*)20(Li*)12]&Beo® 12 2416 2632 2865
lde &[(APY)15(Li )] &[(Cag)* @Be®®] 14  24.67 2670 2924 31.67 34.08

22e &[(AP)20(Li)12]&[(Cae) " @B ] 22 2389 2594 2873 3033 3327 3500 37.61 39.82 42.14

System N{e} IPlg IP20 IP21 IP22

22¢ &[(AP)0(Li)n]&[(Cag) " @B ] 22 4438 4679 49.06 51.40

Electrostatic interaction calculation

The ionization potential of an atom can be estimated by the point charge model using
Coulomb interaction potential formula as follows:

vip= k24

Ty

where k is the correction factor (0.663 for Na, 0.686 for Ti, 0.711 for
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AlyLi;p,&(Cag@Bygp)), the Q and q denote the charge of nuclear charge (+1) and an
electron (—1) for Na and Ti atoms, whereas Q denotes effective nuclear charge (+0.5)
for AlyLi,&(Cag@Beo). The ry denotes the distance between nuclear charge to
electron. For example, the estimative VIP; values of Na and Ti are 5.14 and 6.83 eV,
respectively. The estimative VIP; value of AlyLiz&(Cag@Bgy) 1s 3.42 eV.
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Al 0.00000000  -4.95128500  -2.47564300
Al 470895200  -1.53003100  -2.47564300
Al 4.70895200 1.53003100 2.47564300
Al -2.91029300 4.00567400  -2.47564300
Al 2.91029300 -4.00567400 2.47564300
Al 0.00000000 4.95128500 2.47564300
Al 2.91029300 4.00567400  -2.47564300
AlyLi;&Bgy
B 0.85774609 1.18058622 4.00473420
B -0.85774609 1.18058622 4.00473420
B -0.86407526  -3.55046579  -2.19430508
B 0.86407316  -3.55046710  -2.19430378
B 1.72181736  -2.36988309  -3.09619239
B -1.72181658 2.36987750 3.09619710
B -1.72181991 -2.36988179  -3.09619196
B 0.85774609  -1.18058622  -4.00473420
B 0.86407049 3.55046400 2.19430986
B -0.85774609  -1.18058622  -4.00473420
B -0.86406960 3.55046419 2.19430989
B -1.38786233 0.45094381 -4.00473420
B 3.64370430 0.27537475 2.19430989
B 3.10967946 1.91893358 2.19430986
B 1.72181737 2.36987830 3.09619605
B -2.78596358 0.90521147  -3.09619239
B 1.38786233  -0.45094381 4.00473420
B 2.78595802  -0.90521246 3.09619710
B 2.78595916  -2.36449782 2.19430850
B -3.10967969  -1.91893867  -2.19430508
B -0.00000000  -1.45928482 4.00473420
B -3.10967931 -2.82082331 -0.73502286
B -1.72181864  -3.82916311 -0.73502286
B 0.85774549  -4.10991713 0.73502518
B 1.72181983  -3.82916329  -0.73501916
B 3.10968078  -2.82082184  -0.73502232
B 1.38786233 0.45094381 -4.00473420
B -0.00000000 1.45928482  -4.00473420
B -0.00000154 2.92933159  -3.09619519
B 3.64370815  -0.27537487  -2.19430348
B 3.10967924  -1.91893613  -2.19430794
B -1.38786233  -0.45094381 4.00473420
B -2.78595843  -0.90521215 3.09619683
B -0.85774609  -4.10991725 0.73502380
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Al 0.00000092 3.17201926 4.15222534
Al 3.01676737 4.15222714  -0.98020703
Li 0.00000000 0.00000000 5.76913888
Li -3.03301477  -4.17459236  -2.58003169
Li 0.00000206  -5.16007360 2.58003950
Li -0.00000000 0.00000000  -5.76913888
Li 3.03301477  -4.17459236  -2.58003169
Li 4.90752099  -1.59455239 2.58003950
Li 3.03301683 4.17458603 2.58003950
Li 0.00000333 5.16007751 -2.58003169
Li -4.90752099  -1.59455239 2.58003950
Li 4.90752637 1.59454848  -2.58003169
Li -4.90752432 1.59455481 -2.58003169
Li -3.03301350 4.17458845 2.58003950
Al Liy&(Cas@Beo)

B 3.85148500 0.12187200 1.72176100
B 2.96456700 0.25433300 3.26912000
B -3.14369100 2.88829600  -1.55149900
B -2.23535600 2.86840700  -2.99692000
B -2.13398700 1.04812400 -3.97113200
B 2.13398700  -1.04812400 3.97113200
B -3.87825000 1.35984300  -0.88795400
B -2.96456700  -0.25433300  -3.26912000
B 3.14369100  -2.88829600 1.55149900
B -3.85148500  -0.12187200 -1.72176100
B 2.23535600  -2.86840700 2.99692000
B -4.00899500  -1.77051600  -0.83518500
B 3.85148500 0.12187200  -1.72176100
B 3.87825000  -1.35984300  -0.88795400
B 3.87825000  -1.35984300 0.88795400
B -4.00899500  -1.77051600 0.83518500
B 4.00899500 1.77051600 0.83518500
B 4.00899500 1.77051600  -0.83518500
B 2.94261100 2.96449400 -1.78719700
B -3.87825000 1.35984300 0.88795400
B 2.94261100 2.96449400 1.78719700
B -3.14369100 2.88829600 1.55149900
B -2.41320300 3.49764400 0.00000000
B 0.22581400 4.02871800  -1.46227200
B -0.48423900 3.36659400 -2.85198600
B 0.59060700 2.12051800  -3.58678900
B -2.19059800  -1.91576700  -3.09021500
B -2.94261100  -2.96449400 -1.78719700
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-0.37999300
0.37999300
-0.22581400
-0.59060700
2.41320300
2.13398700
2.23535600
3.14369100
0.48423900
0.78048900
-0.22581400
-0.59060700
0.48423900
-2.19059800
-2.94261100
-1.95560100
1.62323300
3.98003600
1.73978000
5.29835100
4.12740400
-1.73978000
-1.88626800
-4.12740400
1.62323300
-1.88626800
-4.12740400
-5.29835100

-4.07967700
-0.76278100
0.76278100
1.91576700
2.12051800
3.92849300
4.02871800
4.07967700
4.07967700
3.36659400
2.86840700
1.04812400
-0.25433300
-0.12187200
1.91576700
0.25433300
0.76278100
-0.76278100
-4.02871800
-2.12051800
-3.49764400
-1.04812400
-2.86840700
-2.88829600
-3.36659400
-3.92849300
-4.02871800
-2.12051800
-3.36659400
-1.91576700
-2.96449400
-4.07967700
4.11805200
3.86038600
0.84540800
0.19152700
-1.65743900
-0.84540800
4.73985100
1.65743900
4.11805200
4.73985100
1.65743900
-0.19152700
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-0.97045100
-4.25091900
-4.25091900
3.09021500
3.58678900
0.00000000
1.46227200
-0.97045100
0.97045100
2.85198600
2.99692000
3.97113200
3.26912000
1.72176100
-3.09021500
-3.26912000
4.25091900
4.25091900
-1.46227200
-3.58678900
0.00000000
-3.97113200
-2.99692000
-1.55149900
2.85198600
0.00000000
1.46227200
3.58678900
-2.85198600
3.09021500
1.78719700
0.97045100
-3.16837700
0.00000000
-5.04003000
0.00000000
-3.12891800
-5.04003000
-1.81380700
-3.12891800
3.16837700
1.81380700
3.12891800
0.00000000



Li -1.73978000  -0.84540800 5.04003000
Li 1.73978000 0.84540800 5.04003000
Li -3.98003600 -3.86038600 0.00000000
Li -1.62323300 -4.11805200  -3.16837700
Li -1.62323300 -4.11805200 3.16837700
Li 1.88626800  -4.73985100 1.81380700
Li 4.12740400 -1.65743900 3.12891800
Li 1.88626800  -4.73985100  -1.81380700
Al 4.35184500 1.83723500 2.92250200
Al -4.57015300 3.24495600 0.00000000
Al 0.71811400 5.57234900 0.00000000
Al -4.35184500  -1.83723500  -2.92250200
Al -1.09886200 2.70443500  -4.76593200
Al 4.35184500 1.83723500  -2.92250200
Al 4.57015300  -3.24495600 0.00000000
Al -0.71811400  -5.57234900 0.00000000
Al -1.09886200 2.70443500 4.76593200
Al 1.09886200  -2.70443500 -4.76593200
Al -4.35184500  -1.83723500 2.92250200
Al 1.09886200  -2.70443500 4.76593200
Ca 1.21414600 -1.09756700  -1.63124300
Ca -1.21414600 1.09756700 1.63124300
Ca 1.48932000 1.77999200 0.00000000
Ca -1.48932000  -1.77999200 0.00000000
Ca 1.21414600 -1.09756700 1.63124300
Ca -1.21414600 1.09756700  -1.63124300
AlyLi & (Cas@Beo)

B -3.74245600  -1.74144000 1.37066000
B -2.69556200  -3.07290500 0.83990800
B 1.74144000 1.37066000  -3.74245600
B 0.83990800 2.69556200  -3.07290500
B 1.37066000 3.74245600  -1.74144000
B -1.37066000  -3.74245600 1.74144000
B 3.07290500 0.83990800  -2.69556200
B 2.69556200 3.07290500  -0.83990800
B -1.74144000  -1.37066000 3.74245600
B 3.74245600 1.74144000 -1.37066000
B -0.83990800  -2.69556200 3.07290500
B 4.52482800 0.93578300 0.00000000
B -3.74245600 1.74144000 1.37066000
B -3.07290500 0.83990800 2.69556200
B -3.07290500  -0.83990800 2.69556200
B 4.52482800  -0.93578300 0.00000000

S13
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-4.52482800
-4.52482800
-3.74245600
3.07290500
-3.74245600
1.74144000
0.93578300
-1.74144000
-0.83990800
-1.37066000
2.69556200
3.74245600
3.07290500
0.00000000
0.00000000
-2.69556200
-1.37066000
-0.93578300
-1.74144000
-3.07290500
-3.07290500
-0.83990800
0.83990800
1.37066000
2.69556200
3.74245600
-2.69556200
-2.69556200
0.00000000
0.00000000
1.74144000
1.37066000
-0.93578300
-1.37066000
-0.83990800
-1.74144000
0.83990800
0.93578300
1.74144000
1.37066000
0.83990800
2.69556200
3.74245600
3.07290500

-0.93578300
0.93578300
1.74144000

-0.83990800

-1.74144000

-1.37066000
0.00000000
1.37066000
2.69556200
3.74245600
3.07290500

1.74144000
0.83990800
4.52482800
4.52482800

-3.07290500

-3.74245600
0.00000000

-1.37066000
0.83990800

-0.83990800

-2.69556200

-2.69556200

-3.74245600

-3.07290500

-1.74144000
3.07290500
3.07290500

-4.52482800

-4.52482800
1.37066000
3.74245600
0.00000000
3.74245600
2.69556200
1.37066000

-2.69556200
0.00000000

-1.37066000

-3.74245600
2.69556200

-3.07290500

-1.74144000

-0.83990800

S14

0.00000000
0.00000000
-1.37066000
-2.69556200
-1.37066000
-3.74245600
-4.52482800
-3.74245600
-3.07290500
-1.74144000
0.83990800
1.37066000
2.69556200
0.93578300
-0.93578300
-0.83990800
-1.74144000
-4.52482800
-3.74245600
-2.69556200
-2.69556200
-3.07290500
-3.07290500
-1.74144000
-0.83990800
-1.37066000
-0.83990800
0.83990800
-0.93578300
0.93578300
3.74245600
1.74144000
4.52482800
1.74144000
3.07290500
3.74245600
3.07290500
4.52482800
3.74245600
1.74144000
3.07290500
0.83990800
1.37066000
2.69556200



Al
Al
Al
Al
Al
Al
Al
Al
Al
Al
Al
Al
Al
Al
Al
Al
Al
Al
Al
Al
Li
Li
Li
Li
Li
Li
Li
Li
Li
Li
Li
Li
Ca
Ca
Ca
Ca
Ca
Ca

-3.03564000
-5.07740000
-1.99184700
-5.07740000
-3.03564000
1.99184700
0.00000000
3.03564000
-3.03564000
0.00000000
3.03564000
5.07740000
1.99184700
-1.99184700
5.07740000
3.03564000
3.03564000
0.00000000
-3.03564000
0.00000000
-4.83520400
3.21277400
-3.21277400
4.83520400
0.00000000
-4.83520400
-3.21277400
3.21277400
0.00000000
0.00000000
4.83520400
0.00000000
0.00000000
0.00000000
0.00000000
0.00000000
2.26090400
-2.26090400

3.03564000
0.00000000
5.07740000
0.00000000
3.03564000
5.07740000
1.99184700
3.03564000
-3.03564000
-1.99184700
-3.03564000
0.00000000
-5.07740000
-5.07740000
0.00000000
3.03564000
-3.03564000
-1.99184700
-3.03564000
1.99184700
-3.21277400
0.00000000
0.00000000
3.21277400
4.83520400
3.21277400
0.00000000
0.00000000
-4.83520400
4.83520400
-3.21277400
-4.83520400
0.00000000
0.00000000
2.26090400
-2.26090400
0.00000000
0.00000000
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-3.03564000
-1.99184700
0.00000000
1.99184700
3.03564000
0.00000000
-5.07740000
-3.03564000
-3.03564000
-5.07740000
-3.03564000
-1.99184700
0.00000000
0.00000000
1.99184700
3.03564000
3.03564000
5.07740000
3.03564000
5.07740000
0.00000000
-4.83520400
-4.83520400
0.00000000
-3.21277400
0.00000000
4.83520400
4.83520400
-3.21277400
3.21277400
0.00000000
3.21277400
2.26090400
-2.26090400
0.00000000
0.00000000
0.00000000
0.00000000



