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Isolation of Lu,C,, (2n = 76, 78, 80, 84, 86, 88, 90) isomers. First, the toluene solution of the
extract was separated by using LC-9130NEXT apparatus monitored using a UV detector at 330
nm and a Buckyprep column (20 mm % 250 mm, Cosmosil Nacalai Tesque) with toluene as the
mobile phase, and fractions L-1 to L-4 were collected (Figure. Sla). Then, fraction L-1 was
reinjected into a Buckyprep M column (20 mm % 250 mm, Cosmosil Nacalai Tesque) for the next
separation using toluene as the eluent, and fraction L-1-1 was obtained (Figure S1b). Fraction L-1-
1 was then carried out on a SPYE column (20 mm x 250 mm, Cosmosil Nacalai Tesque) with
toluene as the mobile phase, and fraction L-1-1-1 was obtained (Figure S1c). Finally, fraction L-1-
1-1 was reinjected into a SPYE column (20 mm x 250 mm, Cosmosil Nacalai Tesque) with

toluene as the mobile phase, Lu,@742)-C76 and Lu,@D5x(5)-C7s were finally collected (Figure

S1d).
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Figure S1. The isolation of Lu,@742)-C7¢ and Lu,@D3;,(5)-C7s. HPLC chromatograms of (a) the fullerene extract
obtained by a Buckyprep column, (b) fraction L-1 obtained by a Buckyprep M column, (c) fraction L-1-1 obtained
by a 5SPYE column and (d) Lu,@7(2)-C76 and Lu,@D5(5)-Csg obtained by a SPYE column. HPLC conditions: @

=20 mm x 250 mm, eluent = toluene, flow rate = 10 mL/min, detection wavelength = 330 nm, room temperature.
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Figure S2. The isolation of Lu,@C,,(5)-Cgp and Lu,@C5,(7)-Css. (a) HPLC chromatogram of Lu,@Cs,(5)-Cgo
obtained by a Buckyprep column with A = 330 nm, a flow rate of 10 mL/min, and toluene as the eluent at room
temperature. (b) HPLC chromatogram of fraction L-3-1 obtained by a Buckyprep M column with A = 330 nm, a
flow rate of 10 mL/min, and toluene as the eluent at room temperature. (¢) HPLC chromatogram of fraction L-3-1-
1 obtained by a Buckyprep M column with A = 330 nm, a flow rate of 10 mL/min, and toluene as the eluent at
room temperature. (d) HPLC chromatogram of Lu,@C,,(7)-Cg4 obtained by a SPBB column with A = 330 nm, a
flow rate of 10 mL/min, and chlorobenzene as the eluent at room temperature.

Moreover, fraction L-2 was reinjected into a Buckyprep column (20 mm x 250 mm,
Cosmosil Nacalai Tesque) with toluene as the mobile phase, Lu,@C,,(5)-Cgo was collected
(Figure S2a). Fraction L-3 was reinjected into a Buckyprep M column (20 mm x 250 mm,
Cosmosil Nacalai Tesque) with toluene as the mobile phase, and fraction L-3-1 was obtained
(Figure S2b). Fraction L-3-1 was then carried out on a Buckyprep M column (20 mm x 250 mm,
Cosmosil Nacalai Tesque) with toluene as the mobile phase, fraction L-3-1-1 was obtained (Figure
S2c¢). Finally, fraction L-3-1-1 was reinjected into a SPBB column (20 mm X 250 mm, Cosmosil
Nacalai Tesque) with chlorobenzene as the mobile phase, and Lu,@C5,(7)-Cgs4 was collected
(Figure S2d). Furthermore, fraction L-4 was reinjected into a SPBB column (20 mm x 250 mm,

Cosmosil Nacalai Tesque) with chlorobenzene as the mobile phase, and fractions L-4-1 and L-4-2
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were obtained (Figure S3a).
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Figure S3. The isolation of Lu,@Cy(8)-Cgs and Lu,@Cy(15)-Cs. HPLC chromatograms of (a) fractions L-4-1 and
L-4-2 obtained by a SPBB column, (b) fraction L-4-1-1 obtained by a Buckyprep M column, (c) fraction L-4-2-1
obtained by a Buckyprep M column and (d) Lu,@Cy(8)-Css and Lu,@Cy(15)-Cgg obtained by a Buckyprep column.
HPLC conditions: @ =20 mm X 250 mm, eluent = chlorobenzene, flow rate = 10 mL/min, detection wavelength =
330 nm, room temperature.

Then, fraction L-4-1 was reinjected into a Buckyprep M column (20 mm x 250 mm,
Cosmosil Nacalai Tesque) with chlorobenzene as the mobile phase, fraction L-4-1-1 was collected
(Figure S3b). Similarly, fraction L-4-2 was then carried out on a Buckyprep M column (20 mm x
250 mm, Cosmosil Nacalai Tesque) with chlorobenzene as the mobile phase, fraction L-4-2-1 was
collected (Figure S3c). In the last, fraction L-4-1-1 was carried out on a Buckyprep column (20
mm x 250 mm, Cosmosil Nacalai Tesque) for the next separation using chlorobenzene as the
eluent, Lu,@Cy(8)-Cgs and Lu,@C(15)-Cg were collected (Figure S3d). Fraction L-4-2-1 was
reinjected into a SPBB column (20 mm x 250 mm, Cosmosil Nacalai Tesque) with chlorobenzene
as the mobile phase, and fractions L-4-2-1-1 and L-4-2-1-2 were obtained (Figure S4a). Then,
fraction L-4-2-1-1 was reinjected into a SPBB column (20 mm x 250 mm, Cosmosil Nacalai

Tesque) for the next separation using chlorobenzene as the eluent, Lu,@C,;(26)-Cgg and
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Lu,C,@C,,(9)-Cgs were collected (Figure S4b). Finally, fraction L-4-2-1-2 was then carried out
on a 5SPBB column (20 mm x 250 mm, Cosmosil Nacalai Tesque) with chlorobenzene as the

mobile phase, Lu,Co@C4(32)-Cgg and Lu,Co,@D(35)-Cgg were collected (Figure S4c).
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Figure S4. The isolation of LUZ@C1(26)-C88, LUQCZ@CQV(9)-C86, LuZCQ@CS(ZvZ)-ng and LUZC2@D2(35)-C88.
HPLC chromatograms of (a) fractions L-4-2-1-1 and L-4-2-1-2 obtained by a Buckyprep column, (b) Lu,@C,(26)-
Csgg and LuyCr@C,,(9)-Cge obtained by a SPBB column and (c) fraction L-1-1-1 obtained by a SPBB column.

HPLC conditions: @ =20 mm X 250 mm, eluent = chlorobenzene, flow rate = 10 mL/min, detection wavelength =

330 nm, room temperature.
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Figure S5. HPLC chromatograms of Lu,C,, (2rn = 76, 78, 80, 84, 86, 88, 90) isomers (HPLC conditions: eluent =

toluene, flow rate = 1.0 mL min-!, detection wavelength = 330 nm, room temperature.).
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Figure S6. LDI-TOF mass spectra of Lu,C,, (2n = 76, 78, 80, 84, 86, 88, 90) isomers.
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Figure S7. Vis-NIR absorption spectra of Lu,C,, (2n = 76, 78, 80, 84, 86, 88, 90) isomers.

Table S1. The HPLC retention time and details of the Vis-NIR absorptions of Lu,Cy, (2n = 76, 78,

80, 84, 86, 88, 90) isomers.

EMFs HPLC retention time (min) Vis-NIR absorption bands Onset (nm)  Optical bandgap (eV)!
fal (nm)
Lu,@T42)-Crs 28.75 545, 643, 726, 852, 1184, 1376 1564 0.79
Lu;@D3;(5)-Crs 30.81 460, 561, 637, 726, 934 1098 1.13
Lu,@C,,(5)-Csy 34.62 412, 584, 625, 658, 1126, 1389 1488 0.83
Lu,@C,(7)-Csq4 42.98 439, 590, 668, 755, 1084 1328 0.93
Lu;@Cy(8)-Cs 48.89 480, 664, 706,1015, 1106 1275 0.97
Lu,@Cy(15)-Cs6 52.25 491, 711, 792, 895, 1234 1448 0.86
Lu,@C1(26)-Css 54.93 479, 597, 736, 1201 1429 0.87
Lu;C@C3,(9)-Css 58.46 433, 591, 678, 776, 932, 1078 1217 1.02
Lu,C,@C,(32)-Css 60.21 425, 586, 655, 738, 846, 887 1120 1.11
Lu;C;@D1(35)-Css 69.24 630, 707, 804, 1077 1265 0.98

[2IBuckyprep column, flow rate: 1.0 mL/min, eluent: toluene, room temperature.

[b]Optical bandgap (eV) = 1240/onset (nm).
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Table S2. The fractional occupancies of the Lu positions in Lu,@7T2)-Cr6, Lu,@D3(5)-Crs,

Lu, @C5,(5)-Cygo, Lup@C5,(7)-Cgy and Lu@C(8)-Cgs.

EMFs Fractional occupancy of the Lu positions
Lul Lu2 Lu3 Lu4 Lus Lu6 Lu7 Lu8 Lu9 Lulo Lull
Lu,@T«2)-Cr 0.24 0.21 0.12 0.10 0.10 0.06 0.04 0.04 0.09 0.07 0.02

LulA Lu2A Lu3A Lu4A LuSA Lu6A Lu7A Lu8A

0.24 0.21 0.12 0.10 0.10 0.06 0.04 0.04

Lu,@D;(5)-Crs

LulA Lu2A Lu3A Lu4A LuSA Lu6A Lu7A

Lul Lu2 Lu3 Lu4 Lus Lu6 Lu7 Lu8 Lu9 Lul0 Lull Lul2 Lul3 Lul4 Luls Lul6
0.17 0.11 0.11 0.09 0.08 0.06 0.06 0.05 0.04 0.01 0.02 0.15 0.08 0.07 0.05 0.05
Lu,@C;,(5)-Cg Lull

LulA Lu2A Lu3A Lu4A LuSA Lu6A Lu7A Lu8A Lu9A Lul0A

A
0.17 0.11 0.11 0.09 0.08 0.06 0.06 0.05 0.04 0.01 0.02
Lul Lu2 Lu3 Lu4 Lus Lu6 Lu7 Lu8 Lu9 Lul0 Lull Lul2 Lul3 Lul4 Luls
0.15 0.15 0.14 0.11 0.08 0.08 0.06 0.06 0.03 0.03 0.02 0.07 0.06 0.04 0.01
Lu,@C;,(7)-Cyg4 Lull
LulA Lu2A Lu3A Lu4A LusA Lu6bA Lu7A Lu8A Lu%A LulOA
A
0.15 0.15 0.14 0.11 0.08 0.08 0.06 0.06 0.03 0.03 0.02

0.31 0.32 0.03 0.12 0.05 0.06 0.24 0.04
Lu,@C(8)-Css

LulA Lu2A Lu3A Lu4A LuSA

0.31 0.32 0.03 0.12 0.05
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Table S3. The fractional occupancies of the Lu positions in Lu,@C;(15)-Cgg, Lu,@C1(26)-Cgs,

Lu,C,@C5,(9)-Css, LuyCr@C(32)-Cgg and Lu, Co@D2(35)-Cs.

EMFs Fractional occupancy of the Lu positions
Lul Lu2 Lu3 Lu4 LuS Lu6 Lu7 Lu8 Lu9 Lul0 Lull
0.15 0.13 0.11 0.11 0.09 0.07 0.07 0.05 0.04 0.21 0.15

Lu,@C,(15)-Css

LulA Lu2A Lu3A Lu4A LuSA Lu6A Lu7A Lu8A Lu9A

0.15 0.13 0.11 0.11 0.09 0.07 0.07 0.05 0.04
Lul Lu2 Lu3 Lu4 Lu5 Lu6 Lu7 Lu8 Lu9 Lul0 Lull Lul2 Lul3 Lul4 Lul5 Lul6
0.27 0.07 0.06 0.06 0.06 0.03 0.03 0.02 0.02 0.02 0.01 0.52 0.07 0.04 0.04 0.03
Lu,@C(26)-Css Lull
LulA Lu2A Lu3A Lud4A LuSA Lu6A Lu7A Lu8A Lu9A Lul0OA
A
0.27 0.07 0.06 0.06 0.06 0.03 0.03 0.02 0.02 0.02 0.01
Lul Lu2 Lu3 Lu4 Lu5 Lu6 Lu7 Lu8 Lu9 Lul0 Lull Lul2 Lul3
Lu,C;@C5,(9)-Cys
0.26 0.26 0.26 0.25 0.25 0.24 0.11 0.08 0.08 0.06 0.06 0.05 0.04
Lul Lu2 Lu3 Lu4 Lus Lu6 Lu7 Lu8 Lu9 Lul0 Lull Lul2 Lul3 Lul4 Lul5 Lul6
0.57 0.49 0.22 0.14 0.11 0.10 0.03 0.03 0.03 0.03 0.03 0.02 0.02 0.02 0.02 0.02

Lu,C;@C,(32)-Cys

Lul7 Lul8 Lul9 Lu20 Lu2l Lu22 Lu23 Lu24

0.02 0.02 0.02 0.02 0.01 0.01 0.01 0.01

Lul Lu2 Lu3 Lu4 Lu5 Lu6 Lu7 Lu8 Lu9
0.20 0.19 0.15 0.16 0.11 0.06 0.04 0.13 0.06

Lu,C,@D,(35)-Css

LulA Lu2A Lu3A Lud4A LuSA Lu6A Lu7A
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Table S4. Crystallographic data of Lu,@742)-Cr6, Luy@D3,(5)-Crg, Lus@C5,(5)-Cso, Luy@Cy,(7)-

C84 and LU2@CS(8)-C86.

Compounds Lu,@TA2)Cre* Lu,@D3,(5)Crg® Lu,@C,,(5)Csgy* Lu,@C,(7)Cgy Lu,@Cy(8)Csge*
Ni'(OEP)*2(C¢Hs)  Ni'(OEP)*2(C¢Hs)  Ni'/(OEP)*2(C¢Hs)  Ni''(OEP)*(C¢Hg) 1.5Ni'(OEP)*2(C¢Hy)
T,K 100(2) 100(2) 100(2) 100(2) 173(2)
A 0.65250 0.65250 0.65250 0.65250 0.71069
color/habit black / block black / block black / block black / block black / block

cryst size, mm

empirical formula

fw

cryst system

space group

a, A

b, A

¢, A

a, deg

B, deg

Y, deg

v, A3

p, glem’

p, mm-!

R1 (all data)

wR2 (all data)

0.15x0.10x0.08

Ci24HseLusNgNi

2010.37

monoclinic

C2/m

23.1698(6)

13.7779(4)

18.0308(4)

90

93.7760(10)

90

5743.5(3)

2325

3.044

0.0921

0.2408

0.18%0.12x0.10

Cip6HssLu,Ny Ni

2034.39

monoclinic

C2/m

25.274(5)

14.939(5)

19.653(5)

90

93.796(5)

90

7404(3)

1.825

2.362

0.0928

0.2807

0.10%0.10%0.06

C\28Hs6Lu;NgNi

2058.41

monoclinic

C2/m

25.186(5)

15.099(5)

19.694(5)

90

94.158(5)

90

7470(3)

1.830

2.342

0.1125

0.3111

0.12x0.08%0.07

C26HsoLu,NyNi

2028.35

monoclinic

C2/m

25.410(5)

15.110(5)

19.917(5)

90

94.510(5)

90

7623(4)

1.767

2.294

0.0818

0.2438

0.20x0.12x0.08

CaooHy4gLuyN oNi3

4696.19

monoclinic

C2/m

24.454(5)

18.039(5)

22.303(5)

90

101.767(5)

90

9632(4)

1.619

2.388

0.1314

0.3535
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Table S5. Crystallographic data of Luy@Cs(15)-Cgs, Lu,@C1(26)-Cgg, LuyCr@C(9)-Css,

LuZC2@CS(32)-ng and Lu2C2@D2(3 5)-C38.

Compounds Lu,@C(15)Cs¢*  Lu,@C;(26)-Cgs® Lu,C,@C,,(9)-Cyse Lu,C,@Cy(32)-Cgse Lu,C,@Dy(35)-Cgse
Ni''(OEP)*2(C¢Hs) Ni''(OEP)*2(CsHg) Ni''(OEP)*(C4Hg) Ni''(OEP)1.6(CsHg) *0.4(CS;)  1.5Ni''(OEP)*2(CsHg)
T, K 173(2) 100(2) 173(2) 100(2) 100(2)
A 0.71069 0.65250 0.71069 0.65250 0.65250
color/habit black / block black / block black / block black / block black / block

cryst size, mm

empirical formula

0.18%0.12x0.10

C34HseLu,NgNi

0.12x0.08%0.05

C36Hs6Lu,NyNi

0.18%0.15%0.10

Ci30HsoLuaNg Ni

0.15%0.10%0.08

C\36Hs3,6Lu;NyNiSy

0.12x0.10%0.06

Cs00H 44LusN oNi;

fw 2130.47 2154.50 2076.39 2177.69 4792.27
cryst system monoclinic monoclinic triclinic triclinic monoclinic
space group C2/m C2/m P-1 P-1 C2/m

a, A 24.149(5) 24.121(5) 14.604(5) 14.749(5) 24.634(5)

b, A 18.020(5) 18.190(5) 15.012(5) 15.029(5) 17.744(5)

¢ A 18.486(5) 18.497(5) 19.852(5) 19.899(5) 23.328(5)

a, deg 90 90 85.556(5) 84.624(5) 90
B, deg 90.220(5) 90.466(5) 88.966(5) 88.620(5) 103.220(5)
Y, deg 90 90 62.445(5) 62.644(5) 90
V, A3 8044(4) 8115(4) 3846(2) 3899(2) 9927(4)
Z 4 4 2 2 2
p, g/em? 1.759 1.763 1.793 1.854 1.603
p, mm-! 2.736 2.160 2.859 2.264 1.845
R1 (all data) 0.0787 0.0586 0.1047 0.0916 0.0957
wR2 (all data) 0.2363 0.1530 0.2816 0.2637 0.2911
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Figure S8. Relative positions of the major Luy/Lu,C, cluster to a partial region of the fullerene cage in (a)
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Lu,@T4«(2)-Cr6, (b) Lux@D34(5)-Crs, (c) Lux@C1,(5)-Cgo, (d) Lus@Cy(7)-Css, (6) Lun@Cy(8)-Cge,

®

Luy@C(15)-Cs, (g) Luo@C1(26)-Css, (h) LupCo@Ca(9)-Cse, (1) LuaCo@C(32)-Cgs and (h) LuaCo@D2(35)-Cs.
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Figure S9. Cyclic voltammogram of (a) Lu,@742)-C7 , (b) Luy@Cy(7)-Cgs, (¢) Luy@Cy(8)-Cg¢ and (d)

Luy@Cy(15)-Cgg in 0.05 M n-BusNPF¢/0-DCB solution.
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Figure S10. Cyclic voltammogram of (a) Lus@C)(26)-Css, (b) LusCo@Cor(9)-Cse, (¢) LusCo@Cy(32)-Cs and (d)
Lu,Co@D,(35)-Cgg in 0.05 M n-BusNPF¢/0-DCB solution.

Table S6. Redox potentials(® (V vs Fe/Fc) of Luy@7T42)-Crs, Lus@Cy(6)-Cs2,15" Lus@C2(7)-Cha,
Luy@Cy(8)-Css, Lux@Cy(15)-Cgs, Lun@C2(9)-Cse,° Lus@C1(26)-Css,  LuaCro@C2,(9)-Csss

Luy,Co@C(32)-Csg and (d) LupCo@D(35)-Ces.

Compounds "E, ©E; "E, redE, redgy redg AEg,)!*!

Lu,@T4(2)-Cr6 0.16 -1.02 -1.420b1  _1.98b1 23701 1,18
Lu,@C4(6)-Cg,[S1 059 034 -1.02 -1.35 1.6901 2,051 1.36

Luy@Coy(7)-Csy 0.50 0.13  -1.18M1  -1.4801 -1.7001  -1.95M1 131

Lu,@Cy(8)-Css 0.27 -0.96[b1  -1.29[b1  _1.651  -1.89]  1.23
Lu,@Cy(15)-Cge 0.26 -0.93 -1.25 -1.87 -2.04b1  1.19
Lu,@C2y(9)-Cgo!S! 031 -1.01 -1.3401 1,611 22301 132
Lu,@C,(26)-Css 023 -1.06 -1.46 -1.950b1 2,121 1.29
Lu,Co@Cs,(9)-Css 041 -0.98 -1.22061 - -1.730b1 2 17001 1.39
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Lu,Co@Cs(32)-Css 0.67 035  -0.89 -1.15 -1.70 -2.07 1.24

Lu,C;@D,(35)-Cgs 0.72 035 -0.86 -1.09 -2.17 -2.47 1.21

[alHalf-wave potentials unless otherwise noted. MPeak potentials. [FAE,,, = °*E; - *IE,.

Table S7. Interatomic distances (Ry,.r., A), Wiberg bond orders (WBOs), electron occupancies

(Occ., e), natural population analysis charges and natural electron configuration populations of the

two Lu atoms of Lu,C,, isomers. The Lu atoms are numbered from left to right in Figure 3.

Species Riwiw WBO Oce. Atom Charge Population hybrid composition
Lu,@T(2)-Cs 3.44 0.97 1.97 Lul 0.97 650335d0-216p0656d0677p%0  5(46%)p(37%)d(17%)
Lu2 0.97 650335d0216p0056d0677p001  5(46%)p(37%)d(17%)
Lu,@D;,(5)-Crs 3.41 0.98 1.98 Lul 1.03 65%-565d0386p0636d0437p00t  5(49%)p(36%)d(15%)
Lu2 1.03 65056500386 p0036d0437p001  5(49%)p(36%)d(15%)
Lu,@C,,(5)-Cs 3.72 0.94 1.97 Lul 0.99 650575d0-196p0-616d0657p%0  5(51%)p(32%)d(17%)
Lu2 1.08 650565d0-206p0-96d097p001  5(51%)p(33%)d(16%)
Lu,@C;,(7)-Csqy 3.46 0.98 1.98 Lul 1.06 65%575d0496p0626d0297p00!  5(50%)p(35%)d(15%)
Lu2 1.06 650575d0496p0-026d0297p001  5(50%)p(35%)d(15%)
Lu,@C(8)-Cs6 3.53 0.96 1.98 Lul 1.07 650-345d0-206p0-606d0-607p001  5(48%)p(35%)d(17%)
Lu2 1.10 6500350 196p0-356d0567p001  5(55%)p(31%)d(14%)
Lu,@Cy(15)-Cgs 3.67 0.95 1.97 Lul 1.11 650685d0186p0526d0337p001  5(59%)p(28%)d(13%)




Lu2  LI10 650-525d0206p0 006400700 5(55%)p(30%)d(15%)

Lu,@C;(26)-Cyy 365 095 198 Lul 1.07 650635001960 546d0S87p001  §(59%)p(28%)d(13%)
Lu2 1.10 650-575d°-2°6p°-576d°-587p°-°1 $(51%)p(33%)d(16%)
Lu,C;@C,,(9)-Css  4.37 0.17 - Lul 1.33 65018500296 p0 4960707001
Lu2 1.33 65018 5d°-296p°-496d°-7°7p°-°‘ ~
Lu,C,@C(32)-Cgs  4.64 0.15 - Lul 132 650185004260 51640567001 -
Lu2 1.34 6s0185d0426p049640567p0 01 -
Lu,C,@D,(35)-Cgs  4.64 0.16 - Lul 1.33 65019500426 p049640-56Tp001 -
Lu2 1.33 65019 5d°-426p°-496d°-557p°-°1 ~

Lu,@C,,(19138)-C,
19.5 (1.75)

Lu,C,@C,(13384)-C,,  Lu,C,@C,(13295)-C,,  Lu,C,@C,(13336)-C,, Lu,@C,(17490)-C,
22.7(3.03) 26.4 (2.27) 28.5 (2.27) 28.6 (2.73)

Figure S11. Optimized structures of low-energy Lu,C;¢ isomers with relative energies (kcal/mol) and HOMO-

LUMO gap energies (eV, in parenthesis). The isomer marked with a red box is experimentally obtained.
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Lu,@C,(24099)-Cyg Lu,@C,(22595)-Cq
12.7 (2.74) 13.1(2.89)

B, @ AT O Lu,C,@C,(17490)-C;s  Lu,C,@C,,(19138)-Cyq
16.4 (2.81) 17.5 (2.64) 24.1 (2.19)

Figure S12. Optimized structures of low-energy Lu,C;s isomers with relative energies (kcal/mol) and HOMO-

LUMO gap energies (eV, in parenthesis). The isomer marked with a red box is experimentally obtained.

Lu,@I,(7)-Cyg Luy@C,,(5)-Csg Luy@Ds5;(6)-Cyg
0.0 3.31/2.03) 6.6 (2.88) 8.0 (2.26)

g

Lu,C,@D5;(5)-Cos Lu,C,@C(22595)-Crg Lu,Co@C,,(3)-Cos Lu,C,@C,(24099)-Cyg
30.0 (2.60) 31.7 (2.65) 33.4(2.33) 34.0 (2.79)

Figure S13. Optimized structures of low-energy Lu,Cgy isomers with relative energies (kcal/mol) and HOMO-
LUMO gap energies (eV, in parenthesis, a/p for the open-shell ones). The isomer marked with a red box is

experimentally obtained.
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Luy@D,[23)-Csy Lu,Co@C5,(8)-Cy, Luy@C5,(7)-Cs Lu,C,@C(6)-Csy
0.0 (2.99) 6.2 (3.42) 6.4(3.19) 6.6 (3.08)

Lu,Co@C(9)-Cyy
8.7(2.62)

Figure S14. Optimized structures of low-energy Lu,Cs4 isomers with relative energies (kcal/mol) and HOMO-

LUMO gap energies (eV, in parenthesis). The isomers marked with red boxes are experimentally obtained.

Luy@C5,(9)-Cys LuyCo@D,(23)-Cyy Luy@C(8)-Cgq Lu,Cy@Cy(51383)-Cyy
0.0 (3.10) 8.9(3.02) 9.9(3.37) 13.2 (3.04)

Lu,@C,(15)-Cys
15.6 (2.77)

Figure S15. Optimized structures of low-energy Lu,Css isomers with relative energies (kcal/mol) and HOMO-

LUMO gap energies (eV, in parenthesis). The isomers marked with red boxes are experimentally obtained.
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Lu,C,@C(13)-Cys Lu,@C(30)-Cg
13.5 (2.91) 14.4 (2.64)

Lu,@C(26)-Csg
2.9 (3.06)

Lu,C,@C(15)-Cy Lu2C2.C,( 8)-Css
14.4 (2.62) 27.4(2.97)

Figure S16. Optimized structures of low-energy Lu,Cgg isomers with relative energies (kcal/mol) and HOMO-

LUMO gap energies (eV, in parenthesis). The isomers marked with red boxes are experimentally obtained.

L%Dsh(‘u)'cgo Lu,@C,(43)-Cqq
5.6 (2.73) 6.5 (2.60)

Lu,Cy@C(32)-Cgg
1.:5:(2:85)

Lu,@C(21)-Cyg Lu,@C5(44)-Csp Lu,@C5(40)-Cqq
8.5 (3.00) 15.3 (2.24) 21.3(2.85)

Figure S17. Optimized structures of low-energy Lu,Coy isomers with relative energies (kcal/mol) and HOMO-

LUMO gap energies (eV, in parenthesis). The isomers marked with red boxes are experimentally obtained.
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