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One of the better known and well-established paradigms in 1329 (134.4)

7
chemistry is the tetrahedral symmetry adopted by tetracoordinate 13303 E*Jl‘f‘-'=—| Eiﬁ?ﬁij 1
carbon atoms.Almost a century after this bonding model was / 1514[150; /2 égﬁ,g%g%
proposed, the quest to find compounds containing planar tetra- 506 (149.8) [151.4] 22101508 \/
coordinate carbon (ptC) atoms contindeBhe accumulated evi- / /
dence suggests that molecules containing ptC atoms can be \ \ 1497 (149.2)
stabilized by two general mechanisms: electronic and mecRanic. Ppeipip
In the first approach, the stabilization arises from the redistribution 1327 (134.1)
of the lone pair of electrons located on one of the p-orbitals of the 123;{:3:-;}
central carbon, enhancing the delocalization in the aromatic system, Lo einel
or by using thes-donorfz-acceptor capabilities of substituefts. / \/ 266.8(264.5)
A four-center peripheral bond could also be used to stabilize 4%ptC.
These ideas were extended to stabilize penta- and hexacoordinate \ / \\449”1491}

carbon atomé4? In the second mechanism, the bonds are constrained 1497 {149.1)
150.2 (149.6)
by rings and cages. This mechanical approach has been used |nF 1 BSLYP, MP2, and CCSD(T) op d . Bond lenath
the design of neutral planar tetracoordinate carbon molecules with '9"® an (T) optimized geometries. Bond lengths

. ) are in picometers.
a C(C), skeletor?® A combined approach, mechanical and elec-

tronic, has been recently propostd. &0 @ o~
The aim of the present work is to show that ab initio calculations vep ‘)‘ / e f_.‘
predict the possible existence of a family of compounds containing , .6' . o © .
ptC atoms, which are stabilized only by electronic efféct$ie ;’ ". ‘ . . , "__ /(
. . “ o . ! L S
lead molecular fragment with a ptC atom is the “naked” ionic cluster P ! ‘e oo o/ O

Cs?7, 1. The optimized geometries o€ with B3LYP, MP2, and
CCSD(T), are shown in Figure 1. As it can be seen, the three
theoretical methodologies yield very similar values for the geo-
metrical parameters df. The planar structure is a minimum in the  and two more isomers for 8, (see Figure 2S). The additional
potential energy surface (PES). The harmonic analysis (Table 1S)isomers correspond to placing alkali ions on the short side(s) or a
shows that the smallest frequency corresponds to a soft mode withmixed arrangement, one on a short side and one on a long side. In
172 and 182 cmt, for B3LYP and MP2, respectively. An extensive  contrast tdl, all of these minima have higher energy than the planar
search on the PES ofs€, with BSLYP and MP2, was done. This  structures2 and 3.

search produces four additional local minima where three of them  Why are these species minima? A first clue is provided by the
have a lower energy than the planar structure (as can be seen irbehavior of the HOMO, the hardness (HOMQUMO gap), and
Figure 1S, one is very close to the linear structure reported by Wattsthe electrophilicity of 1, 2, and3 (Table 2S). The first feature to
and Bartletf). The HOMO of G2~ has a positive eigenvalue (Table be noted is that, indeed, the addition of the alkaline metals lowers
2S), similar to CAJ2-,2"k precluding the existence of this anion. the energy of the HOMO, making it negative. Second, the
Thus, considering this fact, one can think of adding alkaline metals compounds become harder with the addition of the alkali ions, and
to lower the HOMO eigenvalue and, consequently, enhance thethe hardest species is that with the hardest ion, lithium. Finally, it
stability of the molecule. The proposed compounds with one and is very interesting to note that the largest electrophilicity corresponds
two alkaline metals are M, 2, and GM,, 3 (M = Li, Na, and to the G2~ dianion, which, after considering that the chemical
K), whose optimized geometries witB,, and Dz, symmetry, potential is positive, indicates the large tendency of this species to
respectively, are presented in Figure 1. The harmonic analysis ofgive away electrons. To gain further insight about the nature of
these species is presented in Tables 3S and 4S. In all cases, théhe chemical bonding in these species, the following molecular
incorporation of the counterions in the long side of the rectangle Scalar fields are considered: the electronic dengity, the electron

Figure 2. Molecular graphs of the £-, GsLi—, and GLi,. Red and yellow
spheres are the bond and ring critical points, respectively.

does not modify the planar structure of the2C(see Figure 1). localization function, !ELFt(), and the molecular orbitals (.MOS),
Similar to the naked dianion, the scan of the PES of these structuresf{ ¢i(N)}- Below,2 Ehese fields are analyzed and compared with planar
preserving planarity, finds one additional local minimum fgMC, CH, and CAl*~, which are molecules containing a ptC. The

analysis ofp(r)® for Cs?~ is depicted in Figure 2 and shows critical
* Centro de Investigativy de Estudios Avanzados. points (CPs). along the ,&C, and G—C; directions. The values .
*Universidad de las Afteas-Puebla.Ex-Hda. de Sta. Catarinartila of the descriptors at these CPs (Table 5S) allow one to classify
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Figure 3. ELF isosurfacesi( = 0.80) for the planar Ck CAl4#~, and
CsLio.

these interactions as covalent bonds. The valyeaifCP(G—C,)
is smaller than that at CP{€C;), in agreement with the bond

kX

l:']n
Figure 4. HOMO isosurfaces|{| = 0.05) for the G*~, CsLi~, and GLi.

projects G34037-E and G32710-E. Comments and suggestions from

lengths. As it can be seen in Figure 2, the gradient paths connectingthe referees are deeply acknowledged.

the ptC with the outer carbon atoms have a noticeable curvature,

and the CPs associated to these paths have a large ellipticity. Thes&gro

facts point toward the existence of multicenter bonds. On the other
hand, the values qf at CP(C-M) are small, and-V?p is negative.
Moreover, the interaction of £~ with the cation does not alter
the distribution of the electron density in the carbon fragment (see

Supporting Information Available: Frequencies, IR intensities,
ntier orbital eigenvalues, chemical potentials, hardness, electrophi-

licities, the geometries of other stationary points, and the molecular
orbitals of GLi, (PDF). This material is available free of charge via
the Internet at http://pubs.acs.org.

Figure 1 and Table 5S). The Bader charges of the metallic cations References

in CsM~ (CsMy) are 0.86 (0.90), 0.76 (0.87), and 0.75 (0.86) e
for Li, Na, and K, respectively. Thus, the bonding of the alkaline
metals to G~ is basically ionic.

A key question is the distribution of the lone pairs, because the
delocalization of the ptC lone pair stabilizes the central carbon
arrangement. The results of the analysis of the BEdt the planar
structures of Chl CAl42~, and GLi, are presented in Figure 3 and
in Table 6S.

Around the carbon atom in planar GHhere are six basins, four
corresponding to €H bonds, V(C-H), and two monosynaptic
basins corresponding to the carbon lone pair, V(C). The population
of the V(C—H) and V(C) basins is 1.40 and 1.05,e@espectively,
and they support the multicenter bonding scheme. In;€Athere
are four basins around the carbon atom, V@), integrating to
1.75 €. In this system, the ELF does not have a maximum related
to a lone pair. In @&, CsM~, and GM,, there are only four basins
around the carbon atom, V(€C), whose populations are ap-
proximately 1.5 e. Similar to CAl2~, the planar carbon atom does
not have a lone pair perpendicular to the molecular plane. The
external carbons have a V(C) with 2.6 attributed to a lone pair.
The interaction between the metal cation ang@Gs purely ionic
because the metal basin is detached from the remaining part of the
molecular system, which is in agreement with the results discussed
above.

The analysis of the MOs of structurés-3 reveals that the £
fragment has an orbital, with the proper symmetry, that interacts
with the p-orbital of the ptC perpendicular to the molecular plane
(see the 1k, MO in Figure 3S). This MO is a highly delocalized
sw-orbital. On the other hand, the transfer of electrons to tbe C
fragment is of paramount importance to enhance the stability of
the molecule. These electrons occupy the bonding MOs (the
HOMOSs) depicted in Figure 4, which hold together thei@gment.

In conclusion, the theoretical study presented in this Com-
munication shows that alkaline metals stabilize ptC-containing
molecules with the C(§ skeleton, making them candidates for
experimental detection. The structures reported here are the first
with a ptC, surrounded only by other carbon atoms which are
stabilized, only, by electronic factors.
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