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1) Experimental method 

The experiment was performed using an ion velocity map imaging (VMI) spectrometer in time-of-

flight (TOF) mode. Details of the spectrometer have been thoroughly described in previous work
1,2

. A 
mass spectrometer resolution higher than m/∆m = 500 was achieved for doubly charged 
Ho3N@C80 with our VMI spectrometer in TOF mode.  The sample was evaporated from an oven 

heated to about 800K. The Ho3N@C80 molecules are injected into the interaction region through an 

effusive nozzle, where they are intersected by the laser pulses. The ultrashort laser pulses were 

delivered by a commercially available Ti:Sapphire  system. The laser pulses had a duration of 30 fs, 

measured by a second-harmonic single-shot autocorrelator, and a central wavelength of 800 nm. The 

laser intensity at the focal spot was varied by an attenuator consisting of a half waveplate and two 

thin-film polarizers. Two orders of magnitude in intensity (10
13

 – 10
15 

W/cm
2
) could be covered by 

rotating the half-waveplate. The polarization of the laser field was parallel to the spectrometer axis. 

The laser was focused into the center of the extraction zone by a lens with 35 cm focal length. The 

focal spot was estimated with the beam diameter and M
2

 parameter provided by the manufacturer. The 

intensity calibration can be achieved by exploiting well-understood nonlinear processes, which in our 

case is the saturation intensity for the  single ionization of Ar
3
. The intensities were determined by 

scaling the power at the saturation intensity by the power used for the Ho3N@C80 experiments. 
 

 

2) Electronic structure of the ground state isomers of Ho3N@C80 

All the electronic structure computations have been carried out with gaussian09
4
. The equilibrium 

geometries of the isomers have been obtained with the Perdew, Burke, and Ernzerhof PBE0 
5
 

functional and the 6-31G(d) basis set for the carbon and nitrogen atoms. For the holmium atom we 

used a Stuttgart/Cologne effective core potential (ECP) in which 56 of the 67 electrons are included in 

the multi electron fit quasi relativistic pseudopotential (ECP56MWB)
6,7

. The remaining 11 electrons of 

the holmium atoms have a 7s6p5d basis set
6
.  

 

The equilibrium geometry of the Ho3N@C80’s isomers has been computed by adding the Ho3N 

complex inside one of the C80 isomers and optimizing the structure at the DFT/PBE0
5
 level. From the 

six isomers of C80
8
, five converged (Fig. S1). As stated in the main text, the most stable isomer, #6 in 

Fig. S1, has a slightly triangular C80 cage. Among the four others conformers, two also have a 

triangular cage (#3 and #4) while the two others have an elongated cage (#1 and #2). The triangular 

conformers are close in energy to the lowest energy conformer while the two elongated are higher in 

energy. All the isomers have a longer Ho-N bond length than the lowest energy isomer (Table S1). 

The vertical ionization potential (IP) of the lowest energy conformer is 6.54 eV, which is close to the 

experimental IP of the C80 fullerene (6.84 eV)
9
. The IP of the other isomers is significantly lower than 

the one of the lowest energy conformer. 

 



 
FIG. S1: Equilibrium geometries of the 5 stable isomers of Ho3N@C80. The level of computation is 

PBE0/6-31G(d)+ ECP56MWB/7s6p5d for Ho atoms.  

 

 

 Table S1: Energy, vertical IP (Eneut-Ecation) and Ho-N bond length of the Ho3N@C80’s isomers 

 

 

 

 

3) Electronic structure of the excited states of the lowest energy isomer 

The electronic structure of the 250 lowest excited states of Ho3N@C80’s have been computed with the 

linear implementation of TDDFT with the Long-range Corrected Becke Lee Yang and Parr 

functional
10,11

 (LC-BLYP) with an optimized long-range parameter
12

 (ω=0.17), the same basis set as 

for the optimization augmented by 6 diffuse s, p and d basis functions centered in the middle of the 

cage
13

. The number of excitations allowed to build the excited states is restricted. Only excitations 

from the five highest occupied orbitals to the 65 lowest virtual orbitals are allowed. Because the 

SAMO states are mainly composed of excitations from the HOMO to several virtual SAMO molecular 

orbitals, reducing the excitation space does not have significant consequences on the binding energies 

of the SAMO states but allows reducing significantly the computer time needed for these 

calculations
14

. Amongst these excited states, we differentiate the SAMO states from the other excited 

states that are called valence states. It should be noted than unlike in reference
14

, there are no Rydberg 

states amongst the excited states because the basis used for the computation of the electronic structure 

does not contain very diffuse atomic orbitals. The IP in LC-BLYP with basis set containing extra 

diffuse function is 6.55 eV, which is close to the IP computed in PBE0 (6.54 eV) and the experimental 

IP of C80 (6.84 eV). 

The electronic structure of the excited states and their photoionization lifetimes have also been 

computed with the CAM-B3LYP functional and the same basis than the one used in LC-BLYP. The 

energy is the first SAMO is 0.4 eV higher than in LC-BLYP and the photoionization lifetimes of the 

SAMO and valence states are in the same order of magnitude.  
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