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The title paper [1] incorrectly establishes that, in gas phase the global minimum energy structure of 1-
nitronaphthalene is planar (Cs symmetry). By contrast, present calculations indicate that the planar Cs

form is an unstable structure on the potential energy surface, exhibiting an imaginary vibrational wave-
number value corresponding to the torsional mode of the nitro group around the C–N bond. At the B3LYP/
6-311++G(d,p) level of calculation the global minimum energy structure of 1-nitronaphthalene in gas
phase has a non-planar geometry, characterized by O–N–C–C dihedral angles of ca. 30� and lying
0.35 kcal/mol below the Cs form.

� 2012 Elsevier B.V. All rights reserved.
In their recent paper [1], Govindarajan and Karabacak have
state that at the DFT-B3LYP/6-311++G(d,p) level of calculation
the equilibrium geometry of 1-nitronaphthalene (1-NN) is planar
(Cs symmetry). Unfortunately this statement contradicts many
earlier reports [2–8], which suggested that the global minimum
ll rights reserved.

alysis, Monitoring and Mini-
a 6, Catania 95125, Italy. Tel.:
energy structure of 1-NN is non-planar. As well-known in litera-
ture, the structures of nitro polycyclic aromatic hydrocarbons are
rather sensitive to the steric repulsions between the oxygen atoms
and the neighbouring hydrogen atoms in peri position [9]. These
interactions principally influence the O–N–C–C dihedral angles,
(Fig. S1 of the Supplementary data) which can deviate also signif-
icantly from the planarity. In particular, previous theoretical inves-
tigations in gas phase at AM1 [2], PM3 [3], B3LYP/6-31G(d) [4],
B3LYP/cc-pVDZ [5,6], and PBE0/6-311G(d,p) [7] levels, all
concordantly reported a non-planar ground-state structure (C1
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Fig. 1. IR spectral region between 750 and 850 cm�1 of 1-nitronaphthalene in the
C1 and Cs forms. B3LYP/6-311++G(d,p) results.
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symmetry) for 1-NN, characterized by O–N–C–C dihedral angles
between 23� and 60�. Additionally, the equilibrium geometry of
1-NN in various solvents is predicted to be non-planar [7,8]. At
the B3LYP/cc-pVDZ and IEFPCM-B3LYP/6-311++G(d,p) levels, the
relaxed rotation of the nitro group around the C–N bond of 1-NN
produces two saddle-points at the O–N–C–C torsion angle of 0�
and 90� [6,8]. The vibrational analysis performed at the B3LYP/
cc-pVDZ level confirms that, the non-planar structure with the
O12–N11–C1–C8 and O13–N11–C1–C9 dihedral angles of 23� and
24� (Fig. S1 of the Supplementary data) is the global minimum en-
ergy structure of 1-NN (all the vibrational wavenumbers are real)
[5]. Unfortunately, experimental geometrical data for 1-NN are
not available so far. Therefore, it is of great importance to establish
rigorously the equilibrium structure of 1-NN, since the conse-
quences of planarity might be dramatic. As widely recognized in
literature, the mutagenic behaviour of nitroaromatic compounds
is closely linked to the structure [9,10]. On the whole, compounds
with the nitro group co-planar to the aromatic moiety exhibit
mutagenic activities higher than those of isomers with the nitro
group rotated. In the specific case of nitronaphthalenes, 1-NN is
predicted to be ca. 2–4 times less mutagenic than the planar 2-
nitronaphthalene isomer [11,12].

For the present comment, we have re-optimized the structure of
1-NN in gas phase at the same level used by Govindarajan and Kar-
abacak [B3LYP/6-311++G(d,p)], assuming both the C1 and Cs sym-
metry. The molecular geometries are given in the Supplementary
data (Tables S1 and S2). The vibrational wavenumber and IR inten-
sity values for the two forms, obtained under the harmonic approx-
imation at the same level used for the geometry optimization, are
collected in Tables S3 and S4 of the Supplementary data. All calcu-
lations have been performed with the Gaussian 09 program [13].

Our results unambiguously indicate that the C1 form is the glo-
bal minimum energy structure, the Cs form lying 0.35 kcal/mol
above the C1 structure (the zero-point vibrational energy correc-
tions are considered). The B3LYP/6-311++G(d,p) C1–Cs relative sta-
bility agrees with the results previously obtained at the B3LYP/cc-
pVDZ level [6]. Additionally, the O12–N11–C1–C8 and O13–N11–C1–
C9 dihedral angles for the C1 structure are calculated to be 31.3�
and 32.5�, respectively, in agreement with previous theoretical
estimates [2–8].

For the C1 form all the vibrational wavenumbers are real (Table
S3 of the Supplementary data), whereas for the Cs structure an
imaginary low-lying vibrational mode is computed at 53.8i cm�1

(Table S4 of the Supplementary data). This vibration corresponds
to the torsional mode of the nitro group around the C–N bond.
Additionally, wavenumber and IR intensity values of other vibra-
tions are influenced by the planarization of the nitro group. The
results are shown in Fig. 1 and in Figs. S2 and S3 of the Supplemen-
tary data. In particular, when passing from the C1 to the Cs form,
the peak of the mode No. 37, assigned to an out-of-plane C–H
bending, is shifted downward by 23 cm�1, concomitantly decreas-
ing in intensity by ca. a factor of three (Fig. 1). For the vibrational
mode No. 34 (ascribed to an out-of-plane C–H bending), when
going from the non planar to the planar form, the wavenumber va-
lue slightly decreases (5 cm�1), whereas the IR intensity increases
by about a factor of two (Fig. 1).

Finally, not surprisingly, on going from the C1 to the planar
structure, some fundamental physicochemical properties (the data
are collected in Table S5 of the Supplementary data) such as dipole
moment, electronic mean polarizability and polarizability anisot-
ropy increase by 4.6%, 0.7% and 8.2%, respectively. On the other
hand, the HOMO–LUMO energy gap and entropy at 298.15 K
decrease by 2.8% and 4.6%, respectively.
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Appendix A. Supplementary data

Supplementary data associated with this article can be found, in
the online version, at http://dx.doi.org/10.1016/j.saa.2012.08.070.
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