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Synthesis of Tb@C82 isomers 
Carbon soot containing Tb-EMFs was synthesized using a direct current arc dis-

charge method. Briefly, a core-drilled graphite rod filled with graphite/Tb4O7 (molar ra-
tio: Tb/C=1:15) was installed in the anode position of the electric arc furnace, and the solid 
graphite rod is installed in the cathode. Before the preparation of EMFs, it is necessary to 
short-connect the negative and the positive poles, turn on the current (100 A), and per-
form online preheating for 30 minutes. After that, the air chamber was evacuated until 
the vacuum degree was below 5 Pa, and then a certain volume of inert gas (helium, 400 
mbar) was injected, and current intensity was set 100 A. Finally, the two electrodes were 
discharged and arced, and the distance between the two electrodes was maintained be-
tween 3 and 5 mm. Normally, it takes about 15 minutes for a hollow graphite rod to be 
completely consumed. After the graphite rod was consumed, the DC arc machine was 
turned off, cooled for about 30 min until the gas chamber was completely cooled, and 
soot was collected. 

 

 

Differential pulse voltammetry (DPV) characterization of Tb@C82 iso-
mers 

A 25 mL detection cell was selected for the test, the working, counter and reference 
electrodes are a platinum disc, a platinum plate and an Ag wire, respectively. The toluene 
solution of Tb@C82 was evaporated by a rotary evaporator, and the solid product was 
dissolved in 3 mL of 0.05 M o-DCB solution of n-Bu4NPF6 with the assistance of ultra-
sound wave. After filtration with a 0.2 μm PTFE membrane, the filtrate was taken into the 
detection cell, and then Ar was passed to exclude O2 and other impurities. The test of 
DPV was conducted with a sweep speed of 20 mV/s and in the window of -2.5 ~ 2.5 V.  

Shown in Figure S4 are the DPV curves of Tb@C82 isomers. It can be seen that Tb@C82 
(I) exhibits two pairs of reversible oxidative and five pairs of reversible reductive peaks, 
and Tb@C82 (II) shows two pairs of reversible oxidative and five pairs of reversible re-
ductive ones, consistent with the results of CV characterization. 

 



 

 

Figure S1. MALDI-TOF mass spectrum of the TCB extract. 

 
 
 
 
 
 

 
 
Figure S2. Positions of the disordered Tb atom in (a) Tb@C2v(9)-C82 and (b)Tb@Cs(6)-C82 with re-

spect to C82 cage orientation, respectively. 

 
 
 



Table S1. Relative energies (kcal/mol) of Tb@Cs(6)-C82 and Tb@C2v(9)-C82 with different spin multi-

plicities (M). 

M 6 8 
Tb@CS(6)-C82 12.3 50.1 
Tb@C2v(9)-C82 33.1 0.0 

 

 

 
Figure S3. Numbering scheme of the unequivalent cage carbon atoms in (a) Tb@Cs(6)-C82 and (b) 
Tb@C2v(9)-C82. Cage carbon atoms at the equivalent sites are omitted for clarity. 
 
 

 

 
 



 
Figure S4. DPV curves of Tb@C82 isomers. Conditions: working electrode, Pt wire; counter elec-

trode, Pt wire; reference electrode, Ag /AgCl; supporting electrolyte, 0.05 M n-Bu4NPF6 in 
1,2-dichlorobenzene; scan rate, 20 mV/s; pulse amplitude = 50 mV. 

 
 
 

 

Table S2. The crystallographic data of [Tb@C2v(9)-C82]∙[Ni(OEP)]∙2(C6H6) and 

2[Tb@Cs(6)-C82]∙2[Ni(OEP)]∙1.5(C6H6)∙(CS2) 

Compound [Tb@C2v(9)-C82]∙[Ni(OEP)]∙2(C6H6)∙ 
2[Tb@Cs(6)-C82]∙2[Ni(OEP)]∙1.5(C6H6

)∙2(CS2) 
T, K 100 100 
λ, Å 0.71069 0.8856 

color/habit black / block black / block 
Empirical formula C130H56N4NiTb C247H97N8Ni2S4Tb2 

crystal system monoclinic monoclinic 
space group C2/m P21/C 

a, Å 25.315 17.9531 
b, Å 15.197 17.0851 
c, Å 19.892 26.4719 
α, deg 90.000 90.000 
β, deg 94.891 108.1984 
γ, deg 90.000 90.000 
V, Å3 7624.9 7713.6 

Z 2 2 
ρ, g/cm3 1.648 1.661 
µ, mm-1 0.993 2.264 

Data/restraints/parameters 7044/930/780 16390/3259/1780 
R1 [reflections with I>2σ(I)] 0.1018(5952) 0.0522(12308) 

wR2 (all data) 0.2794(7044) 0.1319(16390) 
 


