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Computational Details 

Geometry optimization  

All geometry and single-point calculations have been performed using the Guassian09 suite of 
programs.1 Geometry optimizations employed the density functional theory (DFT) Becke’s three-
parameter nonlocal exchange and Lee-Yang-Parr 1988 nonlocal correlation functional (B3LYP)2 
functional and 6-31+G(d) basis set.3 In order to ensure an accurate account of the molecular geometry, 
cutoffs on forces and the stepsize have been tightened;a to improve the description of the wavefunction, 
the self-consistent field (SCF) convergence has also been tightened to 1·10-9 a.u., and the grid to 
compute two-electron integrals and their derivatives has been augmented.b These thresholds were 
applied to all systems excepting for e-@C60F60, whose geometry was taken from Ref. 4 and the 
thresholds of convergence for the SCF procedure where not tightened due to its prominent molecular 
size. However, the accuracy of this calculation was assessed by other means (vide infra). 

Topological analysis and characterization of electrides 

The topological quantum theory of atoms in molecules (QTAIM),5 electron localization function 
(ELF)6 and Laplacian of the electron density5 analyses were repeated at the same geometry for all the 
molecules but e-@C60F60 using aug-cc-pVDZ Dunning basis set7 in order to corroborate the results 
found. In addition, for TCNQLi2 and TCNQNa2 molecules additional computations at higher ab initio 
levels (namely, CISD and MP2 calculations in conjunction with the aug-cc-pVDZ basis set) were 
performed. In all cases, the qualitative results remained the same.  

QTAIM and Laplacian calculations used the AIMPAC8 and AIMAll9 packages and the ToPMoD10 
Package developed by Bernard Silvi and coworkers was used to compute the values of the ELF. In 
addition, the calculation of the electron delocalization and localization11 indices was done using the 
results from the previous programs and the Electron Sharing Indices Program for 3D Molecular Space 
Partition (ESI-3D) developed in our group.12   

The single-point calculation of the e-@C60F60 species was done using the basis of Simon et al. (used 
originally for the geometry optimization) that employed four s and four p functions placed in the center 
of the cage. In order to rule out the possibility of a basis set artifact, we performed an additional 
calculation using basis sets not explicitly located in the center of the structure. Namely, we placed sixty 
groups of three sp functions at 2.6A of the center of the cage, mimicking a smaller C60 structure 
encapsulated in the cage. Both analyses of the QTAIM structure provided a NNA in the center of the 
cage, as well as similar pictures of ELF and the Laplacian, thus confirming the validity of the 
methodology employed in Ref. 4. 

In the following pages we collect the full topological analyses performed in this communication. 

 

 

 

 

                                                
a We used the verytight option in G09 package that sets the following convergence thresholds: 1·10-6 and 4·10-6 a.u. 
for force’s root mean square (RMS) and displacement’s RMS values, respectively.  
b We used the ultrafine option in G09 package that sets a (99, 590) pruned grid.  
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TCNQLi2 

Figure S1. [top left] Topological analysis of the electron density including: the atomic positions (see 
labeled atoms), the bond (BCP) and ring (RCP) critical points (small spheres in grey), and the non-
nuclear attractor (NNA; in red). [top right] ELF=0.75 isosurface picture indicating atomic core basins 
(small red spheres), valence basins (light grey) and the relevant basins for the present study (marked in 
green tone). [bottom] ∇2ρ=-0.001 isosurface values. 

 

 

 

 

 

 

 

 

 

 

 

Table S1a. QTAIM and Laplacian analyses, including the distance of the lithium atoms to the NNA, 
( 𝑟(!!"!!") ), the values of the density (ρ(Ω)) and the Laplacian of the electron density (∇2ρ) at the Ω 
position, electron population of Ω (N(Ω)), localization (LI) and delocalization (δ) indices and 
percentage of electron localization (%LI) from the total electron population. Atomic units employed. 

TCNQLi2 Ω 𝑟(!!"!!")  ρ(Ω) ∇2ρ N(Ω) LI %LI δ(Li,NNA) δ(N,NNA) 
B3LYP NNA 3.083 9.41·10-3 -7.37·10-3 0.52 0.28 51 0.20 0.05 

 Li 1.31·10+1 -1.70·10+4 2.23 2.02 91   
UMP2 NNA 3.117 9.75·10-3 -7.87·10-3 0.70 0.46 67 0.16 0.06 

 Li 1.32·10+1 -1.70·10+4 2.16 2.00 93   
CISD NNA 3.147 9.51·10-3 -7.60·10-3 0.71 0.49 69   

 Li 1.31·10+1 -1.70·10+4 2.15 2.00 93   
 

Table S1b. Analysis of the ELF basins, Ω, including the electron population, N(Ω), the variance of the 
electron population, σ2(Ω), the percentage of the basin's fluctuation, %λF(Ω), and the contribution 
analysis of each ELF basin to the covariance with other ELF basins. Atomic units employed. 

Ω N(Ω) σ2(Ω) %λF(Ω) Contribution Analysis ( ≥ 10%)  
C(NNA) 0.92 0.20 22 C(Li) (18%), V(N,Li) (18%) 

C(Li) 2.02 0.08 4 V(N,Li) (50%), C(NNA) (50%) 
V(C2) 0.45 0.38 84 V(C5,C2) (24%), V(C1,C2) (21%) 
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TCNQNa2 

Figure S2. [top left] Topological analysis of the electron density including: the atomic positions (see 
labeled atoms), the bond (BCP) and ring (RCP) critical points (small spheres in grey), and the non-
nuclear attractor (NNA; in red). [top right] ELF=0.75 isosurface picture indicating atomic core basins 
(small red spheres), valence basins (light grey) and the relevant basins for the present study (marked in 
green tone). [bottom] ∇2ρ=-0.001 isosurface values. 

 

 

 

 

 

 

 

Table S2a. QTAIM and Laplacian analyses, including the distance of the sodium atoms to the NNA, 
( 𝑟(!!"!!") ), the values of the density (ρ(Ω)) and the Laplacian of the electron density (∇2ρ) at the Ω 
position, electron population of Ω (N(Ω)), localization (LI) and delocalization (δ) indices and 
percentage of electron localization (%LI) from the total electron population. Atomic units employed. 

 

TCNQNa2 Ω 𝑟(!!"!!")  ρ(Ω) ∇2ρ N(Ω) LI %LI δ(Li,NNA) δ(N,NNA) 
B3LYP NNA 3.525 6.14·10-3 -3.67·10-3 0.23 0.05 22 0.16 0.02 

 Na 8.04·10+2 -1.78·10+7 10.39 10.10 97   
UMP2 NNA 3.429 6.70·10-3 -4.50·10-3 0.44 0.19 43 0.22 0.02 

 Na 8.04·10+2 -1.78·10+7 10.29 10.05 98   
 

 

Table S2b. Analysis of the ELF basins, Ω, including the electron population, N(Ω), the variance of the 
electron population, σ2(Ω), the percentage of the basin's fluctuation, %λF(Ω), and the contribution 
analysis of each ELF basin to the covariance with other ELF basins. Atomic units employed. 

Ω N(Ω) σ2(Ω) %λF(Ω) Contribution Analysis ( ≥ 10%) 

C(NNA) 0.89 0.26 29 C(Na) (33%) 
C(Na) 10.03 0.14 1 V(N,Na) (33%), C(NNA) (67%) 
V(C2) 0.44 0.38 86 V(C5,C2) (24%), V(C1,C2) (21%) 
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Li@calix[4]pyrrole 

Figure S3. [top left] Topological analysis of the electron density including: the atomic positions (see 
labeled atoms), the bond (BCP) and ring (RCP) critical points (small spheres in grey), the cage critical 
points (small spheres in yellow) and the non-nuclear attractor (NNA; in red). [top right] ELF=0.75 
isosurface picture indicating atomic core basins (small red spheres), valence basins (light grey) and the 
relevant basins for the present study (marked in green tone). [bottom] ∇2ρ=-0.001 isosurface values. 

 

Table S3a. QTAIM and Laplacian analyses, including the distance of the lithium atom to the NNA, 
( 𝑟(!!"!!") ), the values of the density (ρ(Ω)) and the Laplacian of the electron density (∇2ρ) at the Ω 
position, electron population of Ω (N(Ω)), localization (LI) and delocalization (δ) indices and 
percentage of electron localization (%LI) from the total electron population. Atomic units employed. 

Li@calix[4]pyrrole (Ω) 𝑟(!!"!!")  ρ(Ω) ∇2ρ N(Ω) LI %LI δ(Li,NNA) δ(N,NNA) 

NNA 2.998 5.61·10-3 -3.67·10-3 0.15 0.02 13 0.004 0.01 
Li 1.31·10+1 -1.78·10+7 2.11 1.98 94   

 

Table S3b. Analysis of the ELF basins, Ω, including the electron population, N(Ω), the variance of the 
electron population, σ2(Ω), the percentage of the basin's fluctuation, %λF(Ω), and the contribution 
analysis of each ELF basin to the covariance with other ELF basins. Atomic units employed. 

Ω N(Ω) σ2(Ω) %λF(Ω) Contribution Analysis ( ≥ 10%) 

C(NNA) 0.63 0.34 54 V(H,N) (17%) 
C(Li) 2.03 0.08 4 V(N, Li) (20%), C(NNA) (20%) 
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Li···NCH 

Figure S4. [top left] Topological analysis of the electron density including: the atomic positions (see 
labeled atoms) and the bond (BCP) critical points (small spheres in grey). [top right] ELF=0.75 
isosurface picture indicating atomic core basins (small red spheres), valence basins (light grey) and the 
relevant basins for the present study (marked in green tone). [bottom] ∇2ρ=-0.001 isosurface values. 

 

 

 

 

 

 

 

 

Table S4a. Analysis of the ELF basins, Ω, including the electron population, N(Ω), the variance of the 
electron population, σ2(Ω), the percentage of the basin's fluctuation, %λF(Ω), and the contribution 
analysis of each ELF basin to the covariance with other ELF basins. Atomic units employed. 

Ω N(Ω) σ2(Ω) %λF(Ω) Contribution Analysis ( ≥ 10%) 

V(Li) 0.91 0.16 18 V(N,Li) (46%), C(Li) (38%), V(C,N) (15%) 
C(Li) 2.02 0.08 4 V(N, Li) (37%), V(Li) (62%) 

 

 

 

 

 

 

 

 

 

 

 



 S6 

Li···HCN 

Figure S5. [top left] Topological analysis of the electron density including: the atomic positions (see 
labeled atoms) and the bond (BCP) critical points (small spheres in grey). [top right] ELF=0.75 
isosurface picture indicating atomic core basins (small red spheres), valence basins (light grey) and the 
relevant basins for the present study (marked in green tone). [bottom] ∇2ρ=-0.002 isosurface values. 

 

 

 

 

 

 

 

 

Table S5a. Analysis of the ELF basins, Ω, including the electron population, N(Ω), the variance of the 
electron population, σ2(Ω), the percentage of the basin's fluctuation, %λF(Ω), and the contribution 
analysis of each ELF basin to the covariance with other ELF basins. Atomic units employed. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Ω N(Ω) σ2(Ω) %λF(Ω) Contribution Analysis ( ≥ 10%) 

V(Li) 0.95 0.11 12 C(Li) (75%), V(H,C) (25%) 
C(Li) 2.01 0.06 3 V(Li) (98%) 
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Li@B10H14 

Figure S6.[top left] Topological analysis of the electron density including: the atomic positions (see 
labeled atoms), the bond (BCP) and ring (RCP) critical points (small spheres in grey) and the cage 
critical points (small spheres in yellow). [top right] ∇2ρ=-0.001 isosurface values. [bottom] ELF=0.75 
isosurface picture (left) and ELF=0.20 isosurface picture (center) indicating atomic core basins (small 
red spheres), valence basins (light grey) and the relevant basins for the present study (marked in green 
tone). (right) 2D contour plot of the ELF function. 

 

 

 

 

 

 

 

 

 

Table S6a. Analysis of the ELF basins, Ω, including the electron population, N(Ω), the variance of the 
electron population, σ2(Ω), the percentage of the basin's fluctuation, %λF(Ω), and the contribution 
analysis of each ELF basin to the covariance with other ELF basins. Atomic units employed. 

 

 

 

 

 

Ω N(Ω) σ2(Ω) %λF(Ω) Contribution Analysis ( ≥ 10%) 

C(Li) 2.02 0.06 3 V(B,H) (25%) each 
V(B,H) 2.04 0.84 41 V(B,H) (14%), others not relevant 
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e-@B10H14 

Figures S7. [top left] Topological analysis of the electron density including: the atomic positions (see 
labeled atoms), the bond (BCP) and ring (RCP) critical points (small spheres in grey), the cage critical 
points (small spheres in yellow) and the non-nuclear attractor (NNA; in red). [top right] ELF=0.75 
isosurface picture indicating valence basins (light grey) and the isolated-electron of the electride basin 
(marked in green). [bottom] ∇2ρ=-0.001 isosurface values. 

 

 

 

 

 

 

 

 

 

 

Table S7a. QTAIM and Laplacian analyses for the e-@C60F60 including: the values of the density 
(ρ(Ω)) and the Laplacian of the electron density (∇2ρ) at the Ω position, electron population of Ω 
(N(Ω)), the localization (LI) index and the percentage of electron localization (%LI) from the total 
electron population. Atomic units employed. 

e-@C60F60 (Ω) ρ(Ω) ∇2ρ N(Ω) LI %LI 
NNA 1.74·10-3 -2.63·10-4 0.19 0.03 18 
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Linear and Nonlinear Optical Properties 

Table S8. Electronic contribution to linear and nonlinear optical properties (NLOP) for the molecules 
studied in this communication. aData from Ref. 13. bData from Ref. 4. cData from Ref. 14. dValues 
computed at the UB3LYP/aug-cc-pVDZ level of theory. 

 

properties TCNQLi2 
a TCNQNa2 

a Li@Calix a Li@B10H14 
a Li···HCN c HCN···Li c Li2 

(S=0) 
Li2 

(S=0) 
𝛼!! (0;0)     212.6 158.2 263.2 583.0 
𝛼(0; 0) 371.9 389.7 381.6 150.3 181.9 239.1 198.5 340.0 

𝛽!!! (0;0,0)     -2791 -3640   
𝛾!!!! (0;0,0,0)       1.2·106 9.2·105 
𝛾∥(0; 0,0,0) 1.4·106 1.3·106 4.8·106 4.8·105     

 

 

 

 

Ionization Potentials 

Table S9. Ionization Potentials for the molecules studied in this work computed at the B3LYP/aug-cc-
pVDZ level of theory. aComputed at the level of theory of Ref. 4. 

 

molecule PI (eV) 

TCNQLi2 
(S=1 à S=1/2)    6.32 
(S=1 à S=3/2)    7.80 

TCNQNa2 
(S=1 à S=1/2)    6.11 
(S=1 à S=3/2)    7.47 

Li@Calix (S=1/2 à S=0)   3.82 
Li@B10H14 (S=1/2 à S=0)   6.39 
e-@C60F60 a (S=1/2 à S=0)   3.99 
Li···HCN (S=1/2 à S=0)   5.98 
HCN···Li (S=1/2 à S=0)   4.35 
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