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Abstract 

It is generally observed that quintessential aromatic compounds have delocalised 

electronic configurations that are of closed-shell or open-shell half-filled with 

same spin electrons. Guided by this property, we search for aromatic octahedral 

clusters of the type X6q (X = Li−C and Be−Si, q = -2−+4) in 2S+1A1g electronic states 

with spin multiplicities ranging from singlet to septet. With some exceptions, we 

find that closed-shell or open-shell half-filled with same spin electrons systems 

have large multicentre indices and negative NICS values that are characteristic 

patterns of aromatic compounds. Our results confirm the existence of octahedral 

aromaticity but do not allow us to define a general rule for octahedral 

aromaticity because the ordering of molecular orbitals does not remain the same 

for different octahedral clusters. 
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Introduction 

 
The synthesis of closo borohydride B10H102- by Lipscomb1, 2 in 1959 and the 

discovery in 1962 of the first derivatives of closo-dodecaborate and closo-

decaborate by Muetterties’s group3, 4 expanded the concept of aromaticity from 

two to three dimensions. Closo borohydride clusters with a general formula of 

[BnHn]2- are quite stable boron clusters that have a polyhedron structure with 

triangular faces.1 Their stability is at odds with most borane compounds that are 

electron-deficient compounds, highly reactive, and unstable. Closo borohydride 

clusters are aromatic systems that obey Wade’s 2n+2 electron rule,5, 6 where n is 

the number of vertexes of the polyhedron, or Mingos’ rule that is 4n+2.7, 8 Both 

rules are equivalent, since Wade’s rule refers to the skeletal electrons (all 

valence electrons except those of the B–H bonds), whereas Mingos’ rule 

incorporates also the exo electrons corresponding to the B–H bonds, thus 

referring to the total number of valence electrons. Although the meaning of n in 

the 4n+2 Mingos and Hückel rules is different, some of us recently showed a 

connection between classical aromatic hydrocarbons and closo borohydride 

clusters that provides a link between the classical π-aromaticity and three-

dimensional (3D) aromaticity.9 Another well-known example of 3D aromaticity 

is the so-called spherical aromaticity. It applies to molecules that possess a 

molecular structure close to an sphere.10 Fullerenes are the most characteristic 

examples of spherical aromatic compounds.11, 12 There are two rules of spherical 

aromaticity, namely, the 2(n+1)2 Hirsch’s rule13, 14 for closed-shell systems and 

the 2n2+2n+1 (S = n + ½) rule15 for open-shell compounds. Both rules are based 

on the fact that the wavefunctions of a uniform electron gas surrounding the 

surface of an sphere are characterized by the angular momentum quantum 
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 3 

number l (l = 0, 1, 2…) similar to the situation found for atomic orbitals. Each 

energy level is 2l+1 times degenerated, and, therefore, π-shells are completely 

filled when we have 2, 8, 18, 32, 50, 72… electrons, i.e., 2(n+1)2 electrons. 

Similarly, an aromatic situation with the degenerate HOMOs occupied with half-

filled electrons in parallel spin with the rest of lower levels orbitals being full-

filled is reached for a number of electrons equals to 1, 5, 13, 25, 41, 61, 75…, i.e., 

for spherical species with 2n2+2n+1 π-electrons and with an electronic spin of S 

= n + ½. For instance, C6010+ and C808+ are aromatic according to the Hirsch rule, 

whereas C601- (S = 11/2) and C705- (S = 13/2) obey the 2n2+2n+1 (S = n + ½) rule 

and are also aromatic. Yu and coworkers have recently reported that oxide 

cluster Ce6O8 exhibits d-atomic orbital-based spherical σ aromaticity.16 In 1987, 

the 1,3-dehydro-5,7-adamantanedyl dication was described by Schleyer et al.17 

as a 3D homoaromatic species. Recently, the cubic aromaticity has been 

described as a new form of 3D aromaticity18 and the 6n + 2 rule was proposed 

for this type of 3D aromaticity.18  

Few octahedral systems have been described as aromatic. To our knowledge 

only five cases have been reported, namely, the B6H62- closo borane cluster,19 the 

eight σ-electrons H62- species,20 and the metalloaromatic21, 22 Be6 in the quintet 

state23 and the singlet Au62- and Al62- clusters. 24, 25 Experimentally, however, only 

the Oh B6H62- and Al62- clusters have been observed, the latter in the form of LiAl6-

.25 Interestingly, B62- that is valence isoelectronic with Al62- has a planar D2h 

molecular structure and it is antiaromatic.26, 27 Hyunh and Alexandrova studied 

the B6-nAln2- (n = 0−6) systems and found that the planar structure of B62- persists 

until n = 5.28 M6Li2 (M = Cu, Ag, Au) with pseudo-Oh symmetry were also found 
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 4 

aromatic.29 It is worth noting that Oh Si62-, which is valence isoelectronic with 

B6H62-, was found to be antiaromatic according to NICS(0) values.19 

In all examples of known 3D aromaticity the systems described as aromatic have 

a closed-shell or a half-filled shell with same spin electrons structure. These two 

types of electronic structures seem to offer good prospects of aromaticity.24 Thus, 

we have followed this recipe in the quest for aromatic species with octahedral 

symmetry. Our search includes all species of the type Oh X6q (X = Li−C and Be−Si) 

with charges going from -2 to +4 and in 2S+1A1g electronic states with spin 

multiplicities ranging from singlet (S = 0) to septet (S = 3). We have not included 

atoms from the groups 15 to 18 due to the little tendency of the atoms of these 

groups to form clusters. It is worth emphasizing that our aim is not to find the 

lowest lying isomer for the 2S+1A1g X6q species but to analyse octahedral species 

with two objectives. First, we want to check whether a closed-shell structure or a 

half-filled shell with same spin electrons in Oh species is a sufficient requirement 

to generate aromaticity and, second, we aim to investigate the existence of a 

possible rule of aromaticity for octahedral compounds analogous to the Wade-

Mingos rule for closo borane compounds. 

 

Methods 

All geometry optimizations were performed with the Gaussian 09 package30 by 

using the B3LYP31-33 hybrid density functional and the 6-311++G(3df,3pd) basis 

set34 without symmetry constraints. Analytical Hessians were computed to 

confirm that the optimized structures are indeed minima (zero imaginary 

frequencies). The unrestricted formalism was used for all open-shell calculations.  

Computed relative energies between electronic states and atomization energies 
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 5 

contain zero point energy corrections (ZPE). Atomization energies were 

calculated with respect to the lowest in energy atomic fragments. Kohn−Sham 

orbitals and eigenvalues were calculated with the B3LYP functional. Although 

Kohn-Sham orbitals are mathematical constructs used to build the electron 

density in density functional theory, the validity of these orbitals is justified by 

the work of Baerends35 and Hoffmann36 who found that the shape, symmetry, 

and energetic order of the Kohn−Sham orbitals are very similar to those 

calculated with the Hartree-Fock method. Aromaticity was evaluated at the same 

level of theory by means of multicentre electron sharing indices (MCI),37, 38 

delocalisation indices (DIs),39-41 and nucleus-independent chemical shift (NICS)42 

obtained using the GIAO approximation.43 MCIs provide a measure of electron 

sharing among the atoms considered.38 DIs are two-centre electron sharing 

indices (i.e., two-centre MCIs) that measure electron sharing between two 

atoms.39-41 Although several partitions can be used to define the atomic regions 

needed to calculate DIs and MCIs, we made use of the molecular partition based 

on the fuzzy atom approach44 because of the presence of non-nuclear attractors 

in some of the species considered as revealed by the quantum theory of the 

atoms in molecules (QTAIM).45, 46 It was shown that for bonds with a reduced 

polarization such as all bonds analysed here, the fuzzy atom approach and 

QTAIM yield quite similar results.47 The atomic regions based on the fuzzy atom 

approach were defined with the APOST-3D program.48 The MCI and DI indices 

were obtained with the ESI-3D program.49, 50 To gain further insight into the 

aromaticity of Oh 1A1g X6q clusters, the individual canonical molecular orbital 

(CMO) contributions51, 52 to the overall NICS value of closed shell species were 

computed with the NBO 6.0 program.53
 Finally, let us note that NICS calculations 
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 6 

for open-shell systems are approximate since they contain only the contributions 

arising from the perturbation of the wavefunction due to the external magnetic 

field.54, 55  

 

Results and discussion 

Combination of the four valence ns and np atomic orbitals of atom X in an Oh 

2S+1A1g X6q species leads to twenty-four molecular orbitals. Figure 1 depicts the 

sixteen lowest-lying molecular orbitals (MOs) present in Oh 2S+1A1g X6q clusters. 

The same MOs with the same shape and energetic ordering were reported by 

Schleyer et al. for Oh Si62-.19 From these orbitals, one could propose the series 2, 8, 

12, 14, 20, 26, 32… as the magic numbers that lead to closed-shell aromatic 

species. For open-shell clusters, the magic numbers would be 1, 5, 10, 13, 17, 23, 

29… Unfortunately, these series of magic numbers cannot be generalized 

because the energetic order of the MOs shown in Figure 1 changes depending on 

the X atoms and the multiplicity and the charge of the Oh 2S+1A1g X6q clusters. As 

Figure S1 in the SI shows, the 2a1g and 1t2g MOs always become more stable than 

the 1eg ones for the clusters of the second period (X = Li, Be and B). Moreover, in 

some clusters the 2a1g are more stable than the 1t2g and in other cases is the 

other way round. Basically, the energy difference between 1eg, the radial 2a1g, 

and the tangential 1t2g is small and the ordering of the different orbitals changes 

from one cluster to another. This leads to the first conclusion of this work: it is 

not possible to derive a general rule for octahedral aromaticity similar to those 

of spherical aromaticity. Interestingly, however, the first two shells (1a1g and 

1t1u) are always the same for all clusters analysed. Therefore, for small number 
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 7 

of valence electrons, the magic numbers 2 and 8 (closed-shell) or 1 and 5 (open-

shell) for octahedral aromaticity hold and they are the same as those found in 

spherical and cubic aromatic species. 

 

FIGURE 1, here 

 

Nevertheless, we decided to look for octahedral aromatic species by generating 

clusters with closed shells or half-filled shells with same spin electrons. To this 

end, we constructed all clusters with formula X6q (X = Li−C and Be−Si) having 

2S+1A1g electronic states and with charges going from -2 to +4 and spin 

multiplicities ranging from singlet to septet (S=0, ½, 1…3). Table 1 gathers all 

clusters with a combination of charge and spin that i) lead to electronic closed 

shell or half-filled shell with same spin electrons configurations and ii) are 

minima in the potential energy surface. For instance, for 2S+1A1g C6q, all clusters 

found with octahedral symmetry are n-order saddle points. All Oh 2S+1A1g X6q 

clusters that are stationary points with imaginary frequencies are collected in 

Table S5 of the SI. As a whole, we found twenty-three Oh 2S+1A1g X6q clusters that 

are minima but not necessarily the global minimum. Moreover, three out of these 

twenty-three minima have a negative energy of atomization (Table 1). These 

clusters are metastable, i.e., the system is energetically stabilized by dissociation 

into atomic fragments in their lowest-lying states but with a Coulombic barrier 

for the dissociation, as found for instance in the N22+ compound56, 57 or in the 

dissociation of Ge42+into two Ge2+ fragments.58 

As can be seen in Table 1, the X−X bond distance generally increases from the 

second to the third period X atoms and for the same period decreases in the 
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 8 

order group 1 > group 2 > group 13 > group 15. Not unexpectedly, the X−X bond 

distance decreases following the same tendency of the atomic radius of X atoms. 

In addition, the large bond distances of alkalimetals can be attributed to the low 

number of valence electrons that occupy the lowest-lying bonding orbitals that 

leads to structures with relatively low dissociation energies. This is the case of 

Li6+ in the 4A1g state that has five valence electrons fully occupying the 1a1g 

orbital and half filling the degenerate 1t1u orbitals. This cluster has a dissociation 

energy to 5Li + Li+ of only 123.5 kcal/mol.  

 

TABLE 1, here 

 
The lack of all-metal and semimetal aromatic clusters that can serve as reference 

systems (like benzene does in classical aromatic organic molecules) makes the 

measure of aromaticity in these systems difficult.22, 59 Indeed, most of the current 

available methods to quantify aromaticity have been designed to measure the 

aromaticity of organic 2D molecules and take benzene or other aromatic organic 

molecules as a reference in their definitions. Moreover, computation of 

energetic-based indicators such as resonance energies (RE) or aromatic 

stabilization energies (ASE)60 is challenging for these clusters also because of the 

lack of appropriate reference systems.61, 62 For this reason, MCI and NICS are 

probably to date the most suitable indicators of metalloaromaticity.63 In Table 1 

we have gathered the multicentre index involving the six X atoms of the 

octahedron (MCI6), of four equatorial X atoms (MCI4), and of three X atoms in the 

face of the octahedron (MCI3). We have also computed the NICS in the centre of 

the octahedron (NICS(0)6) and in the centre of an octahedron face (NICS(0)3). 
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Finally, we have collected the so-called para-delocalisation indices (PDI) that are 

the DIs between opposed axial atoms in the octahedron. This index is analogous 

to the PDI used as a measure of aromaticity in six-membered rings of polycyclic 

aromatic hydrocarbons.64, 65 

Among all systems gathered in Table 1, the aromaticity of 1A1g Al62- was studied 

previously and it has been concluded that this cluster is aromatic.25, 28 The 

relatively large MCI6, MCI4, MCI3, and PDI values and the negative NICS(0)6 and 

NICS(0)3 provide further support to the aromatic character of this cluster. Values 

of the different indices of this system are used as a reference to discuss the rest 

of the series. Interestingly, 1A1g Al62- has the largest MCI4 and the most negative 

NICS(0)6 and NICS(0)3 values. The CMO-NICS contributions collected in Figure 2a 

show that all occupied orbitals of Al62- exhibit strong diamagnetic character.  On 

the other hand, the largest PDI and MCI3 correspond to 1A1g B62+, whereas the 

system with the highest MCI6 is Be62+. Linear correlations between the different 

indices analysed, which are given in Table S3, indicate that in most cases 

correlations are rather poor. The best linear correlations among different indices 

are NICS(0)6-NICS(0)3 (r2=0.88), PDI-MCI3 (r2=0.82), NICS(0)6-MCI4 (r2=0.71) 

and NICS(0)3-MCI4 (r2=0.66). Somewhat surprisingly from the fact that usually 

the MCI is lower when the number of atoms involved in the measure increases, 

in most cases MCI6 of 2S+1A1g X6q clusters in Table 1 are greater than MCI4. On the 

contrary, as expected, PDI is always larger than MCI3 and this index in turn is 

larger than MCI4. If we assume that systems with relatively large electronics 

indices (MCI6 > 0.02; MCI4 > 0.02; MCI3 > 0.05, and PDI>0.20) and negative 

NICS(0)6 and NICS(0)3 values are aromatic, then sixteen out of twenty three 

species are aromatic, 1A1g Mg6 is antiaromatic, and the six clusters left are in the 
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 10

border between aromatic and antiaromatic species and we can classify them as 

non-aromatic. Therefore, we can conclude that in general, but not always, closed-

shell or a half-filled shell with same spin electrons electronic configurations in 

octahedral species lead to aromatic clusters. It is worth noting that, as Table 1 

shows, all second period octahedral compounds (eg. Li, Be, and B) are aromatic 

while nonaromatic and antiaromatic species are only observed for compounds 

formed by elements of the third period. Let us finally discuss in more detail the 

five following clusters that deserve further comments: Li6+, Be6, Mg6, Al62-, and 

Si62-.  

Li6+ has two possible electronic configurations with half-filled shells with same 

spin electrons, namely, 1a1g21t1u3 (S = 3/2, 4A1g) and 1a1g11t1u32a1g1 (S = 5/2, 

6A1g) with atomization energies of 123.5 and 61.2 kcal/mol, respectively. The 

energy difference between these two electronic states is 62.3 kcal/mol, the 4A1g 

being the most stable. In these states, the X–X distance and the aromaticity 

parameters are similar. From the aromatic indicators of Table 1, one can classify 

these clusters as moderately aromatic. Neither 4A1g nor 6A1g of octahedral Li6+ is 

the ground state for this cluster. Indeed, the most stable isomer for Li6+ at the 

CCSD(T)/cc-pCVDZ level has a C2v structure and an atomization energy of 142.6 

kcal/mol (23.8 kcal/mol per atom). 66 This C2v structure with S = ½ is not 

aromatic at all (MCI6 = 0.006 e; NICS(0)6 = 44.70 ppm; PDI = 0.241 e at B3LYP/6-

311G++(3df,3pd)).  

The electronic state of the octahedral Be6 cluster is 5A1g. Aromaticity descriptors 

in Table 1 denote a clear aromatic character for this species. The presence of 

twelve valence electrons instead of five in 4A1g Li6+ makes the Be–Be bond 

stronger (atomization energy is 156.9 kcal/mol) and the Be–Be distance shorter 
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 11

(2.040 Å). The electron configuration is 1a1g21t1u62a1g11t2g3, the highest-lying 

four valence electrons being same spin electrons half-filling the 2a1g and 1t2g MOs. 

Like for 4A1g Li6+, the 5A1g Be6 state is an excited state for Be6, although this 

conclusion depends on the level of calculation. Indeed, Be6 is the first Be cluster 

the ground state of whom is controversial67, 68 and for some methods the Oh 5A1g 

is the ground state.23 Different authors have pointed out the following ground 

states: Oh 5A1g,23 D3d 3A1g,69, 70 C2v 1A1,69 C2h 3Au,26 and D2h 1Ag.67, 69 All CCSD 

calculations favour the D2h 1Ag state.67, 69
 In this most stable D2h 1Ag electronic 

state the cluster can be considered non-aromatic (MCI6 = 0.089 e; NICS(0)6 = 

3.72 ppm; PDI = 0.532 e at B3LYP/6-311G++(3df,3pd)). 

1A1g Mg6 is a particular case for its long X–X distance (3.702 Å). The electronic 

configuration is 1a1g21t1u6eg4. Its positive NICS and low values of electronic 

indices indicate antiaromatic character. CMO-NICS results of Figure S2 show that 

the antiaromatic character is mainly due to the contribution from 1eg orbitals. 

The lack of aromaticity in this octahedral closed-shell 1A1g Mg6 species is 

somewhat surprising and the reasons for this unexpected behaviour are unclear. 

However, there are other examples of similar situations. For instance, borazine 

has an electronic structure similar to benzene and should be aromatic according 

to Hückel’s rule but it is not.71-73 

Al62- has two possible electronic configurations. One that is closed-shell, 

1a1g21t1u61eg42a1g21t2g6 (S = 0, 1A1g), and another one with two half-filled shells 

with same spin electrons, 1a1g21t1u61eg42a1g21t2g32t1u3 (S = 3, 7A1g). The energy 

difference between these two electronic states is 44.7 kcal/mol. The 1A1g Al62- 

cluster was studied previously and it was concluded that this cluster is 

aromatic.25, 28 Our indicators also support this conclusion. On the other hand, the 
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7A1g Al62- cluster with positive NICS and low electron sharing indices is classified 

as non-aromatic. It is worth noting that, with the exception of Mg62-, closed-shell 

electronic structures (1A1g) are found to be more aromatic than open-shell ones.  

For the 1A1g Si62- cluster, the octahedral geometry is the most stable.74 This 

cluster was detected experimentally in time-of-flight mass spectra as Si6Na2.75 As 

said in the introduction octahedral 1A1g Si62- cluster with electronic configuration 

1a1g21t1u61eg42a1g21t2g62t1u6  was found to be antiaromatic according to NICS(0)6 

values.19 We also obtain positive NICS(0)6 values, although NICS(0)3 are negative. 

CMO-NICS contributions to NICS(0)6 of Figure 2b show that positive values come 

from the filled 2t1u MOs.19, 76  This situation resembles that of the Al3H32- cluster 

in which the tangential orbitals contribute with positive CMO-NICS to the total 

NICS(0) value.77, 78 The negative NICS(0)3 value in the 1A1g Si62- cluster appears 

due to an important reduction of the antiaromatic character of the 2t1u orbitals 

when calculated in the face of the octahedron. The computed MCI6 and MCI4 for 

1A1g Si62- are not particularly large but not negligible either. MCI3 gives a 

significantly large value which is line with the negative NICS(0)3 value. These 

results could indicate a certain degree of electron delocalisation among the 

atoms that form the faces of the octahedron but this electron sharing is not 

extended among the six atoms of the system. As a whole, we classify this system 

in the border between aromatic and antiaromatic clusters, i.e., as a non-aromatic 

species.  

 

 

Conclusions 
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From the present study we can derive the following conclusions. First, generally 

but not always closed-shell or open-shell half-filled with same spin electrons 

electronic configurations in octahedral symmetry have aromatic character with 

large electron sharing indices and negative NICS values. Therefore, an electronic 

configuration with a closed-shell or an open-shell half-filled with same spin 

electrons is not a sufficient condition for aromaticity, although it seems to help. 

Second, our study confirms the existence of fifteen new clusters (Al62- was 

already known) that have octahedral aromaticity. And finally, despite our results 

support the existence of octahedral aromaticity they do not allow us to propose a 

rule for octahedral aromaticity equivalent to the 2(n+1)2 Hirsch’s rule for 

spherical aromaticity because the ordering of molecular orbitals does not remain 

the same for different octahedral clusters.  
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Cartesian coordinates of all stationary points located. The molecular orbital 

distribution for all species studied.  The CMO-NICS values for all clusters in 1A1g 

electronic states. 
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Table 1 Molecular structures of octahedral clusters 2S+1A1g X6q that are minima 
on the potential surface. Values of X–X bond distance in Å, MCI and PDI in 
electrons, NICS in ppm, and ΔEatom in kcal/mol. ΔEatom is the atomization energy 
of cluster to the most stable atomic fragments.a 

 
System q Spin 

Electronic 

state 
d(X–X)  MCI6 MCI4 MCI3 NICS(0)6 NICS(0)3 PDI ∆Eatom 

Li6 1 S=3/2 4A1g 3.007 0.068 0.038 0.078 -19.17 -14.07 0.260 123.5 

 
 
S=5/2 6A1g 3.112 0.069 0.035 0.077 -18.63 -13.72 0.258 61.2 

 
 

                 
Be6 -2 S=3 7A1g 2.129 0.061 0.055 0.137 -58.66 -45.88 0.584 130.1 

 -1 S=3/2 4A1g
 2.050 0.121 0.066 0.175 -35.72 -17.16 0.656 205.9 

 0 S=2 5A1g 2.040 0.080 0.054 0.158 -31.54 -15.38 0.603 156.9 

 2 S=0 1A1g 2.135 0.140 0.068 0.158 -50.45 -37.13 0.521 136.5 

 3 S=1/2 2A1g 2.267 0.097 0.054 0.136 -43.21 -33.00 0.461 -25.2 

 
 

                 
B6 0 S=1 3A1g 1.675 0.085 0.060 0.174 -72.97 -53.40 0.769 488.8 

 2 S=0 1A1g 1.628 0.109 0.063 0.196 -47.64 -24.90 0.800 381.3 

 3 S=1/2 2A1g 1.677 0.072 0.039 0.175 -36.67 -19.02 0.742 59.8 

 4 S=0 1A1g 1.745 0.035 0.015 0.152 -22.98 -10.93 0.682 -37.3 

 
  

               

Na6 -2 S=0 1A1g
 3.605 0.022 0.035 0.078 -17.79 -16.99 0.330 41.4 

  S=3 7A1g
 3.890 0.064 0.032 0.054 4.50 6.74 0.236 0.9 

 1 S=3/2 4A1g 3.602 0.061 0.038 0.064 -20.12 -15.64 0.237 100.1 

 
  

                

Mg6 -2 S=0 1A1g 3.439 0.056 0.029 0.071 14.48 17.04 0.367 14.8 

 
 

S=3 7A1g 3.096 0.057 0.063 0.105 -52.10 -44.09 0.511 -20.4 

 0 S=0 1A1g 3.702 0.001 0.003 0.031 10.99 10.53 0.286 12.6 

 2 S=1 3A1g 3.411 0.017 0.022 0.060 -3.11 -0.30 0.329 40.05 

Al6 -2 S=0 1A1g 2.710 0.081 0.087 0.125 -80.73 -68.12 0.678 250.0 

 
 

S=3 7A1g 2.865 0.038 0.030 0.120 15.74 8.61 0.573 205.3 

 2 S=2 5A1g
 2.948 0.046 0.049 0.078 -24.86 -18.88 0.491 106.6 

 
 

                 

Si6 -2 S=0 1A1g 2.485 0.023 0.030 0.165 10.08 -14.73 0.772 527.0 

 1 S=3/2 4A1g 2.461 0.055 0.054 0.146 -43.57 -48.33 0.726 565.8 

 
  

                
a For instance, in Mg62+ we have considered the atomization into 5Mg + Mg2+ rather than to 4Mg + 
2Mg+ because the former has a lower energy. 
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Figure 1. Schematic molecular orbital energy levels for a typical octahedral 
cluster. 
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Figure 2. CMO-NICS6(0) decomposition for (a) Al62-  and (b) Si62- in their 1A1g 

electronic states. 
 

(a) 

 

 (b) 
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Octahedral aromaticity was found in most clusters of formula X6q (X = Li−C and 
Be−Si) with q = -2 to +4 and spin states ranging from singlet to septet that have 
electronic configurations of closed-shell or open half-filled shells with same spin 
electrons. 
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