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ABSTRACT: Cgls*" has been reported to have a o-aromatic character
since removal of two ¢ anti-bonding electrons localized on iodines
results in fulfilling Hiickel (4n+2) rules for I;*" as well as C¢ parts. To
search for molecules possessing similar character, hexa-group 16 atom-
substituted benzene dications Cs(ChH)s** (Ch = S, Se, Te) and their
derivatives are examined for aromatic character by using nucleus- ‘~- Y i
independent chemical shift (NICS). For these dications, in which €43
iodines in Cl¢*" are replaced by group 16 atoms, negative NICS values

Removal of
two c—electrons

o—aromaticity m—aromaticity

larger in magnitude than for benzene are found when a ¢ anti-bonding

orbital localized on group 16 atoms is unoccupied. To clarify the origin of large negative NICS values, they are decomposed into
individual molecular orbitals. It has been shown that both 7 bonding orbitals on C4 and o bonding orbitals on Ses or Teg
contribute to the negative NICS values, indicating that the aromaticity of these dications have a substantial ¢ character as well as
7 characters. Aromaticity of group 14 and 15 atom-substituted benzene dications is also discussed.

1. INTRODUCTION

Aromaticity is a fundamental concept in chemistry. Though the
typical aromaticity is shown in z-electron delocalized systems,
many systems that show aromaticity caused by 6, 5, and ¢*
electrons have been reported. The concept of o-aromaticity or
double aromaticity caused by ¢ and 7z orbitals was first
suggested for cyclic hydrocarbons by theoretical studies.’”"*
Nowadays, not only cyclic hydrocarbons but also hydrogen
clusters"> ™" and metal clusters'®™>* are suggested to have o-
aromatic characters both from theoretical and experimental
viewpoints.

One of the candidates that show o-aromaticity is hexa-
iodobenzene dication, C¢l>*.>*7*® As shown in Scheme 1, the

Scheme 1. 6 Anti-bonding HOMO of Neutral CgIs, Which Is
the LUMO of Its Dication

HOMO of neutral Cgly, derived from Sp orbitals of iodines
lying on the molecular plane, has a ¢ anti-bonding character.
When two electrons are removed from the HOMO, the +2
charges should be localized on the Ig part, which results in
fulfilling the Hiickel (4n+2) electron rule both for C4 and I**
parts. Therefore, Cl** is considered to have z-aromatic
character on Cg4 and c-aromatic character on I>**. However,
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such c-aromatic character is not found in C¢Brg** and C4Cl>,
because smaller overlaps of in-plane valence p orbitals of
halogens cause smaller destabilization of ¢ anti-bonding orbitals
and result in removal of two electrons not from the anti-
bonding ¢ orbital but from a delocalized 7 orbital.”” (The
detailed electronic states will be discussed in Figure 2.)
Although this idea has been discussed since the 1980s, a recent
experimental study unfortunately has demonstrated that the
oxidation of Cgls yields C¢l¢* radical, not Cgl**.>

On the other hand, dicationic hexa-group 16 atom-
substituted benzenes can also be candidates for c-aromatic
compounds, because of the similarity of electronic states
between halo§ens and group 16 atoms capped by hydrogens or
substituents.”> One of the merits of hexa-group 16 atom-
substituted benzenes is that geometries and electronic
structures can be controlled by modifying substituents on the
group 16 atoms. In the case of hexa-halobenzene dications, o-
aromaticity is shown only when overlap of in-plane valence p
orbitals of halogens is large enough, as in Cgl*". If the
magnitude of overlap of valence p orbitals can be controlled by
changing geometry and electronic structures with different
substituents, hexa-group 16 atom-substituted benzene deriva-
tives that show c-aromaticity may be found.

In this study, we examine theoretically the aromaticity of
hexa-group 16 atom-substituted benzene dications, such as
C4(ChH)** (Ch = S, Se, Te) and their derivatives (Scheme 2).
To evaluate the aromaticity, we calculate the isotropic nucleus-
independent chemical shift (NICS;,) and its zz component
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Scheme 2. Hexa-Group 16 Atom-Substituted Benzene
Dications (Ch = S, Se, Te)

R cn R 2+
ch Che,
Recr ch
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(NICS,,), magnetic indices of aromaticity introduced by
Schleyer and co-workers.>' >* NICS(0) is defined as the
negative of the magnetic shielding computed at the ring center,
and NICS(1) is that at 1.0 A above the ring center. NICS(1) is
considered to be a better indicator of the magnitude of the ring
current, as the paramagnetic effect of nearby ¢ bonds is
minimized at this point.>>*® Negative NICS values indicate a
diatropic ring current and aromaticity, while positive values
represent a paratropic ring current and anti-aromaticity.
Although several different methods have been proposed for
evaluating aromaticity of complex s,ys.terns.,l7’37’38 NICS is still
considered to be a reasonable index for benzene derivatives.
The results for hexa-group 16 atom-substituted benzene
dications are compared to those of hexahalobenzene dications.
We also discuss the aromaticity of hexa-groups 14 and 15 atom-
substituted benzene dications by comparing their geometries
and NICS values.

2. RESULTS AND DISCUSSION

2.1. Geometry, Electronic State, and Aromaticity of
C4(SR)6>". First, several conformers of C4(SH)¢>" are examined.
Table 1 shows the relative electronic energies and NICS values

Table 1. Relative Electronic Energies AE (kcal/mol) and
NICS Values (ppm) of Two Conformers of Cs(SH)¢>* with
NICS Values of Benzene and Cgl** for Comparison

molecule  conf 2S+1 AE NICS(0),, NICS(1),, NICS(1),,
Cs(SH)* A 1 17.2 —154 —-15.6 —-38.6
3 16.2 —4.3 -5.6 -9.8
B 1 0.0 8.8 32 19.7
3 6.0 -39 —-6.8 -109
CeHg 1 —8.0 -10.1 —28.7
Celg** 1 -13.7 -11.9 —39.7

of two typical conformers. (Other conformers that have similar
structures are shown in Supporting Information.) The most
stable is the closed shell singlet conformer B where four H
atoms are located on the plane formed by CS¢ and two H
atoms extend to the opposite vertical directions to each other,
as shown Figure 1. The corresponding triplet is 6 kcal/mol
higher in energy. The other conformer A where all of the H’s
extend to the directions vertical to the C¢S4 plane is more than
16 kcal/mol unstable both for singlet and triplet states. The S—
S distances are 3.22 A for singlet conformer A (D,; symmetry)
and 3.30 and 3.08 A for singlet conformer B (C,;, symmetry),
which are shorter than twice the van der Waals radius of a S
atom (1.80 A X 2) and short enough to provide in-plane o-
overlap between sulfur 3p orbitals. Note that they are longer
(except for 3.08 A) than the Cl—Cl distance 3.14 A, but shorter
than the I-I distance 3.53 A in singlet C¢X¢*". Focusing on
NICS values, those of the singlet states have positive values for
the conformer B and negative values for the conformer A,
although those for triplet states are independent of the
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Figure 1. Geometries of two conformers A and B of C4(SH)4>".

geometry. Although the difference in geometry between
conformers A and B is only the direction of H atoms, their
singlet states have opposite characters, aromaticity and anti-
aromaticity, respectively.

Why do they have the opposite aromatic characters? To
clarify the reason for the difference in aromaticity between
singlet conformers A and B, their relevant molecular orbitals are
shown in Figure 2. It is found that their electronic structures are

(c) Conf. A (d) Conf.B
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Figure 2. Molecular orbitals of singlet dications (a) Cgls**, (b)
C4Cl,**, and (¢, d) conformers A and B of C4(SH)*".

completely different. In conformer A, the LUMO, which is the
HOMO of neutral C4(SH), has a ¢ anti-bonding character
derived from the in-plane 3p orbitals on sulfur atoms. On the
other hand, the LUMO of conformer B is a 7z orbital
delocalized both on carbon and sulfur atoms. LUMOs of
conformers A and B are quite similar to those of singlet C¢I¢**
and C4Cl¢™, respectively. In other words, both C, and S parts
of conformer A fulfill the Hiickel 4n+2 electron rule, which
results in the double aromaticity, m-aromaticity on Cg4 and o-
aromaticity on Sg, as shown for Cgls** in previous theoretical
studies.””*® Those of conformer B do not fulfill the Hiickel 4n
+2 electron rule, resulting in anti-aromaticity like C4Cl¢*".
Focusing on triplet states, HOMO and LUMO in Figure 2 are
singly occupied orbitals, and +2 charges localize on S4 for
conformer A and delocalize both on C4 and S4 for conformer B.
Therefore, both C4 and S4 parts satisfy the 4n+2 electron rule
for conformer A, while both parts dissatisfy 4n and 4n+2
electron rule for conformer B. It confirms Baird’s rule®*™** that
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triplet states in the s-annulenes with 4n electrons show
aromaticity and those with 4n+2 electrons show anti-
aromaticity. As shown above, the electronic states of
C4(SH)s™* can be controlled by directions of hydrogen atoms
or substituents on sulfur atoms. Therefore, to find a molecule
that shows o-aromaticity, we should explore a molecule whose
most stable conformer has the geometry where all of the
substituents are directed perpendicular to the C¢S4 plane.
Toward such a goal, derivatives of C4(SR)¢*" are examined as
shown in Table 2. With fluorine as the substituent (R = F), the

Table 2. Relative Electronic Energies AE (kcal/mol) and
NICS Values (ppm) of Singlet and Triplet States C4(SR)¢>*

R conf 2S+1 AE NICS(0),,, NICS(1),, NICS(1),,
H” A 1 172 —15.4 —15.6 —38.6
F A 1 20.1 -13.1 —13.5 —35.3

3 16.4 —6.5 —6.9 —-153

B 1 5.7 194 16.2 58.3

3 0.0 —4.0 —4.9 -7.6

Cl A 1 19 -12.0 —13.1 —-31.2
3 0.0 =53 —6.9 —12.7

Br A 1 2.8 —11.8 —13.0 —30.2
3 0.0 —6.9 -84 —16.0

Me A 1 32 —-14.3 —14.5 —36.7
3 0.0 -7.8 -8.5 —18.1

tBu A 1 3.1 —-11.8 —-12.4 —34.8
3 0.0 —24 -39 -8.0

SiMe; A 1 3.7 —12.8 —13.0 —35.6
3 0.0 34 —4.7 -9.8

Ph A 1 7.6 -9.1 -9.2 —274
3 0.0 —6.1 -6.3 -17.7

“Data in Table 1 is shown for comparison.

most stable singlet conformer is B, as in C4(SH)¢*", with a large
anti-aromaticity. On the other hand, for dications with larger
halogens, such as chlorine and bromine (R = Cl and Br), only
stable conformers A are found but no B, presumably because
the bulkier (than hydrogens) halogens cannot be accommo-
dated in-plane with CSg. In these cases, singlet conformers A
have large negative NICS values as expected. However, the
triplet states are the ground states, for which the c-aromaticity
cannot be seen because of Baird’s rule.**~* From comparison
between C4(SR)¢* (R = F, Cl, Br) molecules, we can say that
the conformer A can be made to be the most stable by bulky
substituents (R) on sulfur atoms. Therefore, the dications with
bulkier substituents such as alkyl, silyl, and phenyl groups are
examined as shown in Table 2. By adding such bulky
substituents, conformers A are the most stable for all of the
molecules. However, their singlet states never became more
stable than triplet states showing substantially smaller
aromaticity for all of the substituents in Table 2. It should be
noted that hexakis(methylthio)benzene (R = Me) was
synthesized and examined in a previous study,’® but no o-
aromaticity has been demonstrated.

2.2. Geometries and Aromaticity of Cs(SeR)s** and
Co(TeR)s>*. Considering that heavier halogens are more
favored for o-aromaticity, the effects of heavier group 16
atoms were examined for C4(SeH)>* and Cy(TeH)s*. As
shown in Table 3, singlet conformers A (D, symmetry) are the
most stable both for C4(SeH)** and C4(TeH)4>*. (Other less
stable conformers are shown in Supporting Information.)
Unlike C4(SH)4™, it appears that hydrogen atoms cannot be
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Table 3. Relative Electronic Energies AE (kcal/mol) and
NICS Values (ppm) of singlet and Triplet States of
C4(ChH)¢** (Ch = Se and Te)

Ch conf  28+1 AE NICS(0),, NICS(1),, NICS(1),,
s® A 1 —15.4 —15.6 —38.6
Se A 1 0.0 —16.6 —16.6 —42.7

3 3.0 -19 -3.6 -33
Te A 1 0.0 —189 —189 =503

3 112 4.7 2.5 13.6

“Data in Table 1 is shown for comparison.

accommodated in-plane, and thus no conformation B is found.
The Se—Se and Te—Te distances in singlet conformation A are
3.36 and 3.56 A, respectively, which are shorter than twice the
van der Waals radius of a Se atom (1.90 A X 2) and a Te atom
(206 A X 2) and are short enough to provide in-plane o-
overlap of the valence p orbitals, as in C4(SH)¢*". The NICS
values of these singlet states have larger negative values than
those of neutral benzene, —8.0 ppm for NICS(0), —10.1 ppm
for NICS(1), and —28.7 ppm for NICS(1),,, calculated with
the same level of theory. The LUMOs of C4(SeH)¢*" and
Co(TeH)g" (see Supplementary Figure S4) have the expected
o anti-bonding character, as in C4(SH)¢*", and +2 charges are
localized on selenium and tellurium atoms, which results in
fulfilling the Hiickel (4n+2) rules.

Can we show how important the contribution of o-
aromaticity is to these large negative NICS values of
Cy(SeH)s* and C4(TeH)**? There should be also contribu-
tions of 7 orbitals of Seg** and Teg** as well as C—Se and C—Te
bonds. To clarify the origin of large negative NICS values,
NICS(1),, values of singlet dications are divided into
contributions of canonical molecular orbitals (CMO)* and
localized natural bond orbitals (NBOs).* It should be noted
that individual orbital contributions to NICS are not gauge-
invariant, although the total sums are independent of the gauge
origin.***” We just note that different dissection schemes may
sometimes provide different interpretations.*®*” Therefore, two
dissection schemes**** are applied and compared for
NICS(1),, of Cls** (Dg,), in which ¢ and 7 orbitals are
separated by symmetry. Figure 3 shows the contributions of
Kohn-Sham CMOs to the NICS(1),, value. The x orbitals,
some localized and some delocalized, have 55% contribution.
Of 45% contributions from ¢ orbitals, in-plane o orbitals
derived almost exclusively from Sp orbitals of iodine atoms
have 32% contribution, and all other ¢ orbitals contribute only
13%; although there are large minus contribution (—88%) from
HOMO-13 and 14, they are canceled out by contributions from
other ¢ orbitals. Focusing on each CMO, bonding and anti-
bonding orbitals tend to contribute to aromaticity and anti-
aromaticity, respectively. The relationship between bonding
character and aromatic character here is similar to the well-
accepted picture of aromaticity of benzene; neutral benzene is
very stable since only bonding 7z orbitals are occupied, and
anions are unstable because of occupancy of anti-bonding 7
orbitals. We next dissect the NICS(1),,, values of CJ** (Dg,)
into contributions of NBOs using natural chemical shielding
(NCS) analysis,* as shown in Table 4. As expected, the total &
NBO as well as # NBO contributions are same as in the CMO
analysis, 55% and 45%, respectively. The & contributions can be
divided into 105% from & NBOs mainly localized on Cg4, which
is canceled nearly halfway by —50% from 7 NBOs mainly
localized on I**. The ¢ NBO contribution can be divided into
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Figure 3. Contribution of Kohn-Sham CMOs to NICS(1),,, of singlet
Celg*. “H-“ means “HOMO-“ and the number in parentheses is the
contribution in % from each CMO. Only CMOs having large
contributions are shown.

52% from NBOs localized on I p,, orbitals, —43% from C—I
orbitals, and 36% from others. Although a qualitative picture is
similar, these values are somewhat different from the
contributions from ¢ CMOs. Concluding, Cgls** has a ¢ and
7 mixed aromatic characters, with nearly half and half
contributions from ¢ and 7 orbitals.

For C4(ChH)s** (Ch = S, Se, and Te) with nonplanar
hydrogen atoms, ¢ orbitals cannot be separated from 7 orbitals
and CMO analysis is not very useful (see Supplementary Figure
S5). NBOs of C4(SeH)s** show a reasonable separability
between ¢ and 7 NBOs. The dissected NICS(1),,, are shown in
Table 4. According to this analysis, the net contributions of 7 vs
o contributions are 80% vs 20% for Ch = S and Se and 84% vs
16% for Ch = Te. Although the ratios of s-aromaticity derived
from in-plane Ch p orbitals are smaller than that of C4l**, the
absolute dissected values are comparable. Focusing on the
dissected values, only the contributions from 7 orbitals derived
from p, of I or Ch (row 3 of Table 4) are different, while others
are quite comparable. The reason may be understood by the
amount of delocalization (or charge transfer) of 7 electrons
between C4 and Ig*" or Ch¢*'. For C¢lg*', 7 charge transfer
takes place from I;>* to C4 that results in reduced the -
aromaticity. On the other hand, the 7, orbitals on Ch form the
Ch-H o orbitals, have smaller overlap with 7 orbitals of the Cq
part, and thus make only small contributions to NICS. Thus we
can conclude that all C4(ChH)** (Ch = S, Se, and Te) have

mixed ¢ and 7 mixed aromatic characters, with more than half
of contributions from 7 orbitals.

Next, in hope of finding molecules that may have larger
negative NICS values, derivatives of C4(ChH)4** (Ch = Se and
Te) were examined as shown in Table S. All of them have the
singlet ground states and show large negative NICS values.
However, contrary to our expectation NICS values are almost
independent of the substituents R. The independency may be
explained by the small contributions of p, orbitals of Ch, as
discussed with Table 4.

2.3. Hexa-Group 14 and 15 Atom-Substituted
Benzene Dications. Finally, we examined groups 15 and 14
atoms instead of group 16 atoms for possible c-aromatic
molecules. As shown in Figure 4, hexa-group 15 atom-
substituted benzene dications, such as C4(PH,)4*",
Co(AsH,)¢*", and C4(SbH,)¢*", keep the planar structures
(except for H atoms), while hexa-group 14 atom-substituted
benzene dications, such as Cg(SiH;)s**, Cyq(GeH,)s?", and
C4(SnH;)e*", cannot keep the planar structure because of the
steric repulsion between hydrogen atoms, which results in small
negative NICS values (Table 6). The nonplanar structures of
hexa-group 14 atom-substituted benzenes are observed in the
X-ray structures of Cg(SiMe;)s and its dianion.*** Among
three group 15 atoms, P, As, and Sb, all of these singlet states
have large negative NICS values, although only C4(SbH,)*"
has a singlet ground state. To compare the origin of large
negative NICS values, CMOs of singlet C4(SbH,)4"" are shown
in Supplementary Figure S8. The shape of LUMO of
C4(SbH,)¢** is quite similar to those of Cglg** and
C4(ChH)¢**(Ch = Se and Te), although the in-plane & orbitals
on antimony atoms contain the s component of H atoms. We
expected that we could control the electronic states and density
on antimony by changing hydrogens to other substituents.
However, even though the smallest substituent of fluorine is
used, the molecule cannot keep the planar structure because of
the steric repulsion. Therefore, though C4(SbH,)s>" itself can
be a candidate of an oc-aromatic molecule, its derivatives
C4(SbR,)¢** should be difficult to keep in planar structures,
resulting in less aromaticity.

3. CONCLUSIONS

In this study, we examined the aromatic character of
C4(ChR)¢** (Ch = S, Se, Te) molecules since they are
expected to have an electronic structure similar to that of C¢l¢**
having mixed aromaticity caused by 7 orbitals on the Cg ring
and o orbitals on the iodine atoms. The key to the o-
aromaticity is the in-plane o anti-bonding LUMO derived from
Sp orbitals of iodine atoms, which results in localized charges

Table 4. Contribution of NBOs to NICS(1)

iso

(ppm) for Singlet C4l*" and C4(ChH)¢** (Ch = S, Se, and Te)”

contributions from

I

7 orbitals on Cg4 —12.5 (105)
7 orbitals derived from p, of I or Ch and 1s of H 6.0 (—50)
o orbitals localized on I or Ch and derived from p,, —6.2 (52)
C-I or -Ch delocalized o orbitals 5.1 (—43)
other o orbitals® —4.3 (36)
total ~11.9 (100)

sk Se Te
—122 (78) —12.5 (75) —14.6 (77)
-0.3 (2) —0.8 (5) -13(7)
—-5.0 (32) —-6.1 (37) —6.6 (35)
2.7 (-17) 4.3 (-26) 5.9 (-31)
—-0.8 (5) -1.5(9) -2.3 (12)
—15.6 (100) —16.6 (100) —18.9 (100)

“Numbers in parentheses are in %. “For conformer A. “Containing ¢ and core orbitals on Cg4, and ¢ orbitals localized on Ch derived from valence s

orbitals.
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Table 5. Relative Electronic Energies AE (kcal/mol, Relative to Triplet) and NICS(1) Values (ppm) of the Singlet State of

C4(ChR)** (Ch = Se and Te)

Se Te
R AE NICS(1),, NICS(1),, AE NICS(1);, NICS(1),,
H =3.0 -16.6 —42.7 -11.2 —-18.9 -50.3
Cl -0.9 —-14.3 -35.7 -2.1 —-17.4 —45.1
Br —-0.4 —13.6 —32.5 —8.5 —-17.2 —44.4
Me -1.3 —16.1 —41.2 -9.7 —18.9 —-50.2
tBu =22 —-144 —-39.3 -9.8 —-18.2 —50.6
SiMe, =31 —15.5 —43.9 -11.7 -17.3 —43.9
Ph —-0.4 -11.9 -353 —6.8 —-158.3 —46.3
(a) Group 15 (b) Group 14 orientation of hydrogens or substituents is retained, the
Ce(SbH,)¢2* Co(SnH;)g2* magnitude of aromaticity did not change much from halogen

>
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Figure 4. Geometries of hexa-group 15 and 14 atom-substituted
benzene dications.

Table 6. Relative Electronic Energies AE (kcal/mol, Relative
to Triplet) and NICS(1) Values (ppm) of the Singlet State of
Hexa-Groups 15 and 14 Atom-Substituted Benzene
Dications”

molecule AE NICS(1),, NICS(1),,
Cy(PH,) " 5.5 -132 -32.6
Co(AsH,) ™ 1.9 —-14.8 -372
Cg(SbH,)** -14 -15.0 —41.8
Ce(SiH;) ™ —-6.1 -2.7 3.1
Ce(GeH,)s™ -74 —4.8 —43
Cs(SnH;) " -9.3 -8.1 -15.3

“Geometries are in Supporting Information.

for C4 and I¢**, doubly fulfilling the Hiickel (4n+2) electron
rule.

For the lightest group 16 atom, sulfur, substituted benzene
dications C4(SH)¢**, two confirmations are found to exist, with
totally different electronic structures. When all of the hydrogen
atoms are directed perpendicular to the C4S¢ plane, the LUMO
has in-plane ¢ anti-bonding character as in C¢l¢*, resulting in a
large negative NICS value. In order to find molecules that have
a singlet ground state with such a geometry, a number of
derivatives were examined and several candidates were found,
such as Cy(SeH)4*, C4(TeH)g* and their derivatives, which
have more negative NICS and therefore larger aromatic
characters than neutral benzene. To clarify the origin of larger
aromatic characters, the NICS values were dissected into
contributions from canonical molecular orbitals (CMOs) and
from localized natural bonding orbitals (NBOs). Both analyses
showed the existence of contributions to aromaticity from =«
orbitals of C4 ring and in-plane ¢ orbitals of Ses and Teg
originating from valence p orbitals. Although Se and Te atoms
are capped by hydrogens or substituents, when a proper
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analogues, because the charge transfer between group 16 atoms
and substituents takes place only through p, orbitals that are
orthogonal to the in-plane ¢ orbitals.

Additionally, the aromatic characters of hexa-groups 14 and
15 atom-substituted benzene dications were also examined to
seek for other o-aromatic molecules. Hexa-group 14 atom-
substituted benzene dications have nonplanar Cg ring
structures, which results in weak aromaticity. Among hexa-
group 15 atom-substituted benzene dications, only C4(SbH,)¢**
has the singlet ground state with the planar structure and shows
a large negative NICS value.

4. COMPUTATIONAL DETAILS

Geometries were fully optimized at the dispersion-corrected B3LYP-
D3 level®® ™% with basis set 6-31G* for C and H, and SDD with the
Stuttgart-Dresden large-core relativistic effective core potential
(RECP) for other atoms other than C and H was used throughout.53
After geometry optimization, single point calculations were performed
at the B3LYP-D3 level with 6-31+G* for C and H and SDD for others
(BS2). The isotropic NICS values (NICS,,) and their zz components
(NICS,,) were computed employing the GIAO method®* with the
BS2 basis set. Though NICS,, values are considered to be better
indexes for aromaticity of plane molecules than NICS;, values*>** and
show positive linear correlation as shown in Supporting Information.
To examine the dependence of calculation methods, we compared
other basis sets and functionals, such as M062X>° and BLYP-D3.%%7%?
(see Supporting Information) The optimized structures, singlet—
triplet energy differences, and NICS values did not depend much on
the computational methods. All calculations were performed by the
Gaussian09 program.*® The partitioning of NICS into the contribu-
tions from CMOs and NBOs was carried out by the NBO 6.0
program.”’

B ASSOCIATED CONTENT

© Supporting Information

Relative electronic energies, NICS values, and geometries of all
conformers of C4(ChH)s** (Ch = S, Se, Te). Kohn-Sham
orbitals and their contributions to NICS(1) of singlet
C4(ChH)¢** (Ch = Se, Te). Geometries and Kohn-Sham
orbitals of singlet C¢(XH,)*" (X = P, As, Sb) and C4(XH;)¢*
(X = Si, Ge, Sn). Comparison of NICS,, and NICS,,.
Dependency on calculation methods. Cartesian coordinates
and electronic energies for all species. This material is available
free of charge via the Internet at http://pubs.acs.org.
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