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Figure S1. The front view (a) and side view (b) of the optimized geometric structures

of Ln;@1,-Cg (Ln = La, Nd, Gd, Tb, Dy, Ho, Er, Tm, Lu) by using PBEO functional.

Table S1. Relative energies (AE, in kcal/mol) of Ln;@Csg, calculated at different

theory level
Ln;@Csgo La Nd Gd Tb Dy Ho Er Lu
(Cage spiral number) ~ PBE  PBEO PBE PBEO PBE PBEO PBE PBEO PBE PBEO PBE PBEO PBE PBEO PBE PBEO
Lny@[,(31924)-Cgo 000 0.00 000 000 000 000 000 000 000 000 000 000 000 000 000 000
Ln;@Ds,(31923)-Cgo 1507 17.37 1466 1645 1444 1374 1358 1394 1322 1402 1331 1421 1339 1423 1276 16388
Lny@C,(31922)-Cgo 1785 2181 1380 1411 1630 1616 1680 17.83 1779 1950 1921 2119 2053 2262 2322 291
Ln;@C(31920)-Cgo 2202 24.64 2094 2140 2596 2635 2705 2865 2871 3104 3076 3335 3278 3551 3742 44.13
Ln;@C/(28319)-Cyp 3373 3773 3320 33.69 3256 3509 3279 3659 3353 3803 3464 3943 3575 4067 3790 4645
Ln;@C/(28324)-Cyy 3229 3864 3160 3346 3395 3550 3435 3710 3529 3872 3662 4029 3793 4173 4079 4843
Ln;@C/(28325)-Csp 2557 2807 2530 2881 1419 2415 2477 2596 2581 2772 2724 2940 2863 3066 3148 3596
Ln;@C,(29591)-Cgp 3028 4873 3803 3095 3074 30.67 31.05 3203 3184 3333 33.09 3460 3434 3574 3692 41.59
Ln;@C;(31876)-Cgp  30.28 3684 1380 3205 3025 3266 3024 3379 3093 3514 3202 3645 3313 3765 3550 43.84




Table S2. Relative energies (AE, in kcal/mol) and HOMO-LUMO gap of the
molecules (H-L Gap, in eV) (6-31G* and ECP58MWB basis sets are used for C and

Tm atom, respectively)

Tm;Cg, PBEO0 PBE

(spiral number) AE, H-L Gap AE H-L Gap
Tm;@1,(31924)-Csy 0.00 1.50%/2.70P 0.00 0.28%/1.43P
Tm;@D;5,(31923)-Cy 14.08 0.28%/1.43P 13.32 0.28%/1.38P
Tm;@C>,(31922)-Csy 23.89 1.41¢/1.598 21.65 0.47%/0.59#
Tm;@C,,(31920)-Cs, 37.40 0.95%/1.54P 34.54 0.09%/0.52F
Tm;@C;(28319)-Cgy 41.63 1.19%/1.81P 36.56 0.32%/0.78F
Tm;@C;(28324)-Cgy 4291 1.56%/1.44F 38.98 0.52%/0.40P
Tm;@C;(28325)-Cs 31.18 1.34%/2.30P 29.62 0.27%/1.16P
Tm;@C(29591)-Cs, 36.42 1.40%/2.49P 35.20 0.24%/1.38P
Tm;@C;(31876)-Cs, 38.68 1.60%/1.25P 34.04 0.59%/0.30P
Tm;C,@C2(22010)-Crg 75.03 1.93%/2.49P 69.78 0.55%/1.23P
Tm;C,@C>,(24107)-C-g 96.77 1.64%/1.21P 83.02 0.66%/0.19#
Tm;C,@C,(21975)-Crs 96.77 1.43%/1.57¢ 86.88 0.43%/1.17P
Tm;C,@C,(24088)-Cg 100.56 1.77%/2.01P 92.33 0.35%/0.92P

Tm;C,@D3,(24109)-C75 111.09 1.92%2.30P 100.36 0.29%/0.95P




Table S3. Calculated relative energies (AE, in kcal/mol) of Ln;@Cg, with different

spin multiplicities by using PBEO functional

Ln;@Cgg Doublet Quartet
La 0 7.81
Nd 0 1.36
Gd 0 10.70
Tb 0 13.45
Dy 0 15.29
Ho 0 17.28
Er 0 20.24
Tm 0 22.62
Lu 0 29.76

Table S4. Calculated Ln-Ln bond length (in A), the Mayer bond order of the metal

moiety in Lny@1,-Cgo" and the ionization energies (IP, in eV) of Ln;@1,-Cso by using

PBE functional

Ln-Ln Mayer bond order
Ll'l3@Cg() 1P
1 2 3 average 1 2 3 Lns
La 3427 3.427 3428 3.427 1.678 1.677 1.677 5.032 5.56
Nd 3473 3.480 3.480 3.478 1.583 1.586 1.582 4.751 5.34
Gd 3.506 3.513 3.474 3.498 1.701 1.632 1.609 4.942 5.34



Tb 3.509 3.510 3.501 3.507 1.627 1.607 1.612 4.846 5.34

Dy 3.507 3.512 3.486 3.502 1.629 1.707 1.568 4.904 5.53
Ho 3.514 3.518 3.513 3.515 1.744 1.737 1.745 5.226 5.42
Er 3.523 3.518 3.514 3.518 1.803 1.819 1.812 5.434 5.46
Tm 3.511 3.529 3.520 3.520 1.686 1.680 1.708 5.074 5.48
Lu 3.568 3.579 3.470 3.539 1.563 1.540 1.966 5.069 5.64

Table S5. Calculated Ln-Ln bond length (in A), Mayer bond order of the metal

moiety in Ln;@Cg", ionization energies (IP, in eV) of Ln;@Cgo (PBEO functional)

Ln-Ln Mayer bond order
Ln;@Csgo" 1P
1 2 3 average Ln(1) Ln(2) Ln(3) Ln;
La 3.393 3.393 3.392 3.393 1.419 1.421 1.418 4258 5.60
Nd 3.449 3.449 3.448 3.449 1.376 1.377 1.380 4.133 5.22
Gd 3.483 3.482 3.464 3.476 1.181 1.685 1.163 4.029 5.50
Tb 3.454 3.492 3.493 3.480 1.314 1.294 1.444 4.052 5.48
Dy 3.481 3.485 3.463 3.476 1.408 1.515 1.317 4.240 5.50
Ho 3.498 3.480 3.498 3.492 1.547 1.521 1.521 4.589 5.35
Er 3.497 3.491 3.507 3.498 1.600 1.592 1.618 4.810 5.43
Tm 3.498 3.495 3.490 3.494 1.492 1.463 1.492 4.447 5.50

Lu 3.542 3.550 3.456 3.516 1.352 1.332 1.821 4.505 5.65




Table S6. The calculated relative energies with different positions of encaged Tmj;
cluster in Tm;@1,-Cgo*. (Rs and R¢ mean that the metal atom is located toward a
hexagon and a pentagon, respectively; Bgs, Bgs and Vg5 mean that the metal atom is
located toward a 6:5, 6:6 bond and a vertex fused by two hexagons and one pentagon,

respectively.)

Metal atom
. R6R6R6 BGGRSRG BSGBSSBSG R6R5R5 BGGBGGRG V665V665V665
position
Relative
energy 0.0 1.51 0.1 1.56 0.01 0.59
(in kecal/mol)
(a) Ers@Cs (b) Dy;@Cq
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Figure S2. The LDI-TOF mass spectra of samples containing Er;@Cg," (a) and
Dy;@Cso* (b). The samples were obtained by oxidation of the arc-discharge produced
soot by AgSbF.



Cartesian Coordinates (Angstrom) of DFT-Optimized Structures:
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C -1.59097300 -2.46722100 -2.87654000
C -1.53685000 -1.25256800 -3.62940400
C -2.42137800 -0.14737200 -3.34891100
C -3.34094400 -0.22841400 -2.27486000
C .62562700 .97314700 .53822900
C .96502900 .94017600 .14306300
C .01351700 .30948100 .57902200
C .66260000 .29786200 .95263500
C .95718500 .43261600 .51538500
C .70229200 .63911200 .76967200
C .19964800 .72180400 .40379800
C .48643800 .45257200 .67272000
C .62565000 .62031400 .87629100
C .43917100 .47326900 .56298600
C .77794400 .52144400 .16842800
C .44432500 .15223300 .29691800
C 1.53756300 1.24540700 .58216100
C 1.58662400 2.43291100 .80714500
C 0.35066900 3.12214800 .55161300
C 0.11495000 3.87738100 .35166600
C 1.11709900 3.88609400 .32541300
C 0.67317400 3.95934400 .02565600
C 1.42509200 3.29553700 .06304300
C 2.64190800 2.58827800 .78176200
C 2.93941300 1.41814900 .54534700
C 3.67253700 0.30102700 .96116500
C 4.26163700 0.33173800 .62732100
C 4.17938900 .93802700 .12015200
C 3.80077400 .96836900 .55429300
C 3.48076800 0.24164300 .29892300
C 3.61354400 1.50144100 .58043200
C 2.62979300 2.54007100 .82367200
C 2.37757200 3.23617600 .59467500
C 3.16897300 2.62124800 .43842600
C 3.99084700 1.55839900 0.14675900
Gd -0.86339900 -1.79583500 0.01673300
Gd 1.99413200 0.15253800 0.13934500
Gd -1.142067500 1.63134300 0.01606400
Th;@Cgy PBE/6-31G*~*MWB54
C 3.22873300 0.25246400 -2.42885000
C 2.25315000 0.24328400 -3.45521600
C 1.38624200 1.38187600 -3.64177400
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.99549600
.18647700
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.36234800
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.73220000
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34187900
04346400
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08359700
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. 24400600
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.51438500
.34863200
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.35982400
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.24057900
.09192900
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.27858700
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.62054800
.46582600
.84958300
.05384300
.30996900
.50647600
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.08275800
.52186900
.71926800
.31798300
.97338000
.18903700
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.36496500
.56765600
.74567800
.94366800
.66978500
.22626900
.35836800
.50596400
.32067200
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.84113400
.46409300
.56807000
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.24416400
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.58071400
.70014900
.24444200
.91430000
.43058900
.95054400
.25460400
.38637600
.08178300
.51912400
.88929500
.26228800
.00466300
.86311500
.37621800
.02157200
.52321700
.84422800
.83336300
.74354100
.21950500
.53433000
.31089300
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.43153100
.90910300
.22683200
.69859600
-3.
.08387300
.28099200
.89088300
.24887000
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.69994600
.32730900
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.07892200
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.12280600
.45659000
.58767900
.49923000
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.90917800
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.36618300
.87520900
.37013200
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.97676200
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.19159100
.04798300
.28292300
.40554100
.55810700
.39379300
.87737900
.08877000
.85026700
.32017700
.47215300
.36595100
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.96955100
.08004900
.38254100
.87753100
.34381300
.02783700
.90228200
.12457900
.27012500
.41997500
.52486800
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.03525500
.34338900
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.32493900
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.12863900
.39323100
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.51667400
.40336900
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.47755200
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.08642700
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.00513400
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.90873600
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.90349800
.15603700
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.32879800
.16128600
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.68442400
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.59472300
.20966800
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.38403400
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.18071200
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.28584900
.17308400
.16697600
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.09264000
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.08794500
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.68643400
.81867800
.87988700
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.44105800
.32736400
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.17596500
.31158400
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.15614100
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.48258600
.21085800
.70492000
.10118400
.25468000
.27901800
.11231800
.27607800
.24033900
-1.
.63885500
.43559200
.76828800
.27645400
.45909300
.51520700
.190657300
.86443400
.90861100
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.08691900
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.33363900
.27235300
.03846900
.55806700
.87593000
.87083800
.56317700
.30930700
.57845800
.04773700
.80758600
. 80608600
.91342700
.22732200
.80131400
.64984900
.89197200
.58622900
.03882600
.26269600
.32791400
.09453300
.43796800
.47002400
.29831800
.11092000
.04853300
.28224100
.05368600
.81158600
.81336800
.91516600
.23117600
.44683000
.28514900
.10606200
.05784600
.18921700
.24609200
.05937100
.19564500
.34746200
.08752800
.41533000
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.45775200
.18979600
.01828200
.23705900
.42403300
.57124900
.57265900
.32698100
.84152100
.65073500
.87162900
.57930100
.31345300
.62202100
.97961200
.13424800
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.26994300
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.97229000
.47977400
.15215000
.97311000
.05783300
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.89633100
.28293300
.76638200
.43527300
.63419700
.01927900
.20731300
.17679300
.89887900
.70677900
.82787300
.97061200
.08982900
.41055200
.60482500
.48368400
.20165900
.67567000
.06311300
.81891200
.94389500
.67872300
.78669100
.09642600
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.04072300
.22990600
.17851000
.07709300
.12510200
.30856600
.47986400
.45164400
.10719600
.34190400
.20664700
.26299500
.01083400
.01095500
.02172100
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05360200
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