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Abstract The Schiff base compound, N-n-Decyl-2-oxo-5-
nitro-1-benzylidene-methylamine, has been -synthesized
and characterized by IR, electronic spectroscopy, and X-
ray single-crystal determination. Molecular geometry from
X-ray experiment of the title compound in the ground state
have been compared using the Hartree-Fock (HF) and density
functional method (B3LYP) with 6-31G(d) basis set. Calcu-
lated results show that density functional theory (DFT) at
B3LYP/6-31G(d) level can well reproduce the structure of
the title compound. To investigate the solvent effect for the
atomic charge distributions of the title compound, self-
consistent reaction field theory with Onsager reaction field
model was used. In addition, DFT calculations of the title
compound, molecular electrostatic potential and thermody-
namic properties were performed at B3LYP/6-31G(d) level of
theory.

Keywords Density functional theory . Hartree-Fock .

Electronic absorption spectra .Molecular electrostatic
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Introduction

By means of increasing development of computational
chemistry in the past decade, the research of theoretical
modeling of drug design, functional material design, etc.,
has become much more mature than ever. Many important
chemical and physical properties of biological and chemical
systems can be predicted from the first principles by
various computational techniques [1]. In recent years,
density functional theory (DFT) has been a shooting star
in theoretical modeling. The development of better and
better exchange-correlation functionals made it possible to
calculate many molecular properties with comparable
accuracies to traditional correlated ab initio methods, with
more favorable computational costs [2]. Literature survey
revealed that the DFT has a great accuracy in reproducing
the experimental values of in geometry, dipole moment,
vibrational frequency, etc. [3–9].

Schiff bases are used as starting materials in the
synthesis of important drugs, such as antibiotics and
antiallergic, antiphlogistic, and antitumor substances [10–
12]. They are also used as components of rubber com-
pounds [13]. Schiff bases have also been employed as
ligands for the complexation of metal ions [14]. There are
two characteristic properties of Schiff bases, viz. photo-
chromism and thermochromism [15]. These properties
result from proton transfer from the hydroxyl O atom to
the imine N atom [16, 17]. In general, Schiff bases display
two possible tautomeric forms, the phenol-imine (OH ) and
the keto-amine (NH) forms. Depending on the tautomers,
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two types of intramolecular hydrogen bonds are observed in
Schiff bases: O-H⋯N in phenol-imine [18, 19] and N-H⋯O
in keto-amine [20–22] tautomers.

In this paper, we wish to report the synthesis, character-
ization and crystal structure of the Schiff base, N-n-Decyl-
2-oxo-5-nitro-1-benzylidene-methylamine (Fig. 1), as well
as the theoretical studies on it by using HF/6-31G(d)
and DFT/B3LYP/6-31G(d) methods. The properties of the
structural geometry, electronic charge distribution, molecu-
lar electrostatic potential (MEP) and the thermodynamic
properties for the title compound at the B3LYP/6-31G(d)
level were studied. We also make comparisons between
experiments and calculations.

Experimental

The compound N-n-Decyl-2-oxo-5-nitro-1-benzylidene-
methylamine was prepared by reflux a mixture of a solution
containing 2-Hydroxy-5-nitrobenzaldehyde(0.025 g
0.15 mmol) in 20 ml ethanol and a solution containing
Decylamine (0.0236 g 0.15 mmol) in 20 ml ethanol. The
reaction mixture was stirred for 1 h under reflux. The crystals
of N-n-Decyl-2-oxo-5-nitro-1-benzylidene-methylamine
suitable for X-ray analysis were obtained from ethylalcohol
by slow evaporation (yield % 65; m.p.371-373 K). The IR
spectra were recorded in the 4000-400cm-1 region using
KBr pellets on a Schmadzu FTIR-8900 spectrophotometer.
Electronic absorption spectra were measured on a Unicam
UV-VIS spectrophotometer in DMF.

Crystal data for the title compound

CCDC 710062, C17H26N2O3, Mw=306.40, triclinic, space
group P −1; Z=2, a=5.4032(3) Å, b=8.3939(5) Å, c=
19.2767(11) Å, α=83.817(5)˚, β=84.576(5)˚, γ=86.194(5)˚
and V=863.90(9) Å3, F(000) = 332, Dx=1.178 g cm-3. Full
crystallographic data are available as supplementary material.

Computational methods

The molecular geometry is directly taken from the X-ray
diffraction experimental result without any constrained. In
the next step, the DFT calculations with a hybrid Functional

B3LYP (Becke’s Three parameter Hybrid Functional Using
the LYP Correlation Functional) at 6-31G(d) basis set and
the Hartree-Fock calculations at 6-31G(d) basis set by the
Berny method [23, 24] were performed with the Gaussian
03 software package [25], and Gauss-view visualization
program [26]. In order to evaluate the energetic and atomic
charge behavior of the title compound in solvent, we
carried out optimization calculations in the three kinds of
solvent (chloroform, ethanol and water). The methodology
used in this investigation is centered on Onsager’s reaction
field theory [27]. The simplest self-consistent reaction field
model is the Onsager reaction field model. In this method,
the solute occupies a fixed spherical cavity of radius a0
within the solvent field. A dipole in the molecule will
induce a dipole in the polar medium, and the electric field
applied by the solvent dipole will in turn interact with the
molecular dipole, leading to net stabilization. The systems
with zero dipole moment will not exhibit a solvent effect
for Onsager’s model, and therefore, the calculations will
give similar results for the gas phase. This is an inherent
limitation of this method.

To investigate the reactive sites of the title compound the
molecular electrostatic potential were evaluated using
B3LYP/6-31G(d) method. Molecular electrostatic potential,
V(r), at a given point r(x, y, z) in the vicinity of a molecule,
is defined in terms of the interaction energy between the
electrical charge generated from the molecule electrons and
nuclei and a positive test charge (a proton) located at r. For
the system studied the V(r) values were calculated as
described previously using the equation [28],

V rð Þ ¼
X

ZA

�
RA � rj j �

Z
rðr0Þ� r0 � rj j d3r0 ð1Þ

where ZA is the charge of nucleus A, located at RA, ρ(r') is
the electronic density function of the molecule, and r' is the
dummy integration variable.

The thermodynamic properties of the title compound at
different temperatures were calculated on the basis of
vibrational analyses. In addition, electronic absorption spectra
were calculated using the time-dependent density functional
theory (TD-DFT) and time-dependent Hartree-Fock (TD-HF)
methods [29–32].

Results and discussion

IR spectroscopy

Harmonic vibrational frequencies of the title compound were
calculated by using DFT and HF method with 6-31G(d)
basis set and the obtained frequencies were scaled by 0.9613
and 0.8929 [33], respectively. By using Gauss-View
molecular visualization program [26], the vibrational bandsFig. 1 Chemical diagram of the title compound C17H26N2O3

1282 J Mol Model (2009) 15:1281–1290



assignments have been made. In order to facilitate assignment
of the observed peaks we have analyzed some vibrational fre-
quencies and compared our calculation of the title compound
with their experimental results and shown in Table 1.

The experimental N-H stretching modes were observed
at 3352-3212 cm-1, that have been calculated with B3LYP
and HF at 2958.16 and 3271,33 cm-1, respectively. As can
be easily seen the experimental value of N-H stretching
mode is closer to HF value than that of B3LYP. The C-H
aromatic stretching mode was observed to be 3085 cm-1 ex-
perimentally, while that have been calculated at 3093.47 cm-1

for B3LYP and 3062.18 cm-1 for HF, respectively. The
stretching C = O vibration gives rise to a band in the infrared
experimental spectrum at 1672 cm-1, while the calculated
value for HF is predicted 8 cm-1 higher, at 1680 cm-1 and for
B3LYP is predicted 48 cm-1 lower, at 1624 cm-1. The
experimental NO2 asymmetric stretching mode appeared
at 1545 cm-1 has been calculated at 1629.6 cm-1 and
1572.7 cm-1 for HF and B3LYP, respectively. The other
calculated vibrational frequencies can be seen in Table 1.
To make a comparison with the experimental observation,
we present correlation graphics in Fig. 2 based on the
calculations. As we can see from correlation graphics in
Fig. 2 experimental fundamentals are found to have a
good correlation with HF than DFT. Besides, the vibra-
tional frequencies calculated by DFT method are more
compatible to experimental values with the exception of
N-H stretching mode which has the correlation coefficient
R2=0.99799.

Crystal structure

The structure of the title compound, C17H26N2O3, reveal
that the nitrocyclohexa-2,4-dienone fragment is nearly

planar, with the maximum deviation from the planarity
0.61(5) Å for atom C17. The nitrocyclohexa ring is twisted
out of plane relative to the 2, 4-dienone moiety by 9.4(4)˚
in the compound.

The NH groups forms inter and intramolecular hydrogen
bond with the carbonyl O atom. The hydrogen atom H11 is
localized at N2. This is a verification of the preference for
the keto-amine form in solid state. The presence of a quinoidal
structure is further supported by the shortening of the bond
O1-C5 to 1.2571(15) Å and the lengthening of the adjacent
C-C bond in the phenyl ring [C5-C6=1.4335(19) Å and C4-
C5=1.4434(16) Å], same conditions shown in the structure,
6-(2-Hydroxyanilinomethylene)-4-nitrocyclohexa-2, 4-dien-
1-one [34]. And also these data show that there is significant
elongation of the N2-C7 bond.

The title compound is stabilized by N-H···O type hydrogen
bonds. There is a strong intramolecular N2-H11···O1 hydro-
gen bond (Fig. 3) with N2···O1 distance shorter than the sum
of the van der Waals radii of O and N (3.07Å) [35]. There is
also a intermolecular hydrogen bond, namely, N2-H11···O1
(symmetry code: -x + 1, -y + 2, -z + 1). N-H···O type
intermolecular hydrogen bonds held together R2

2 4ð Þ graph set
[36] while N-H···O type intramolecular hydrogen bond bring
into existence S(6) graph set by it self resulting in a network
along the b axes shown in Fig. 4. There is also N � O � � � p
interaction, namely, N1-O2·Cg(1) [Cg(1) is C1/C2/C3/C4/
C5/C6], details of these bonds and interaction are given in
Table 2.

Optimized geometry

B3LYP/6-31G(d) and HF/6-31G(d) calculations were per-
formed on the title compound, respectively. Calculated
geometric parameters are listed in Table 3 along with the

Assignment a Experiment HF/6-31G(d) B3LYP/6-31G(d)

v(N-H) 3352-3212 3271.33 2958.16

vring(C-H) 3085 3062.18 3093.47

v(C-H) 2920-2856 2912.6-2836.12 2991.6-2894.4

v(C = O) 1672 1680.27 1624.03

v(NO2) 1545 1629.6 1572.7

a ðCH2Þ 1486 1481.5 1486

gring CHð Þ þ g CHð Þ þ g CH2ð Þ 1466 1426.6 1434.9

v(C-N) 1388 1436.57 1330.2

gring CHð Þ þ g CHð Þ þ g NHð Þ þ w CH2ð Þ 1320 1333.5 1326.7

ω(CH2) 1280 1276.2 1266.12

gring CHð Þ þ g CHð Þ 1241 1214.1 1221.3

γring(CH) 1104 1084.3 1112.3

v (CH2-CH2) 1055 1066.01 1066.1

ω(NH) + ω(CH) 957 1041.8 1003.3

δ(NH) + δ(CH) 899 869.5 876.01

Table 1 Comparison of the ex-
perimental and calculated vibra-
tional frequencies (cm-1)

a v = stretching, α = scissoring,
γ = rocking, ω = wagging,
δ = twisting
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experimental data. When the X-ray structure of the title
compound is compared with its optimized counterparts (see
Fig. 5), conformational discrepancies are observed between
them. The most remarkable discrepancies exist in the
orientation of the decyl chain of the title compound. The
conformation of the decyl chain is that most often found for
larger alkanes, i.e., staggered with the largest substituents at
any C-C bond anti to each other [37]. The largest deviation

from the ideal 180° torsion angle is 7.47 (17)° for C8-C9-
C10-C11. This torsion angle have been calculated as 180°
for HF/6-31G(d) level and 179.2° for B3LYP/6-31G(d)
level, respectively. The average C-C bond length in the
chain is 1.507 (2) Å and the average C-C-C bond angle is
113.9 (1)° in X-ray structure, whereas the corresponding
average values in optimized geometries are 1.529Å and
112.9° for HF/6–31G(d), and 1.534Å and 113.12° for
B3LYP/6–31G(d). These values are similar to those found
in related compounds already studied [1.516 (3) Å and
113.8 (8)° for 9-(n-dodecylaminomethyl) anthracene] [38]
and [1.522 (2) Å and 113.29 (14)° for N-(n-Decyl)-4-
nitroaniline] [39]. The zigzag decyl skeleton is less planar
than in the above-mentioned compounds.

When the geometry of hydrogen bond in the optimized
structures is examined, the proton donor group N2-H11
forms an intramolecular interaction with oxygen atom O1,
with a bond length of 2.740Å and a bond angle of 127.18°
for HF and a bond length of 2.691Å and a bond angle of
130.81° for B3LYP (Table 2). Similarly, an intermolecular
H-bond, N2-H11···O1, of length 2.932Å and bond angle
132.86˚ for HF and of length 2.908Å and bond angle
129.53° for B3LYP is also observed. The presence of the
H-bond appears as an important property of the molecule,
stabilizing its conformation in the crystal; as shown in the
Molecular modeling part, this is also visible in the model
obtained for the molecule discussed [40]. In order to
compare the theoretical results with the experimental
values, root mean square error (RMSE) is used. Calculated
RMSE for bond lengths and bond angles are 0.0223Å and
1.0821° for B3LYP method, and 0.0217Å and 1.1124° for
HF method, respectively. These results show that B3LYP
method gives better results for bond lengths on the contrary
HF method is better in predicting the bond angles.

A logical method for globally comparing the structures
obtained with the theoretical calculations is by super-
imposing the molecular skeleton with that obtained from
X-ray diffraction, giving a RMSE of 0.40862Å for B3LYP
and 0.426234Å for method HF (Fig. 5). According to these
results, it may be concluded that the B3LYP calculation
well reproduce the geometry of the title compound.

Fig. 3 Ortep 3 diagram of the
title compound

Fig. 2 Correlation graphics of calculated and experimental frequen-
cies of the title compound
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In spite of the some differences, calculated geometric
parameters represent a good approximation and they are
the bases for calculating other parameters, such as atomic
charge distribution, electronic absorption spectra, molecular
electrostatic potential (MEP) and thermodynamic proper-
ties, as we described below.

Atomic charge distributions in gas-phase and in solution-
phase

The Mulliken atomic charges for the non-H atoms of the
title compound calculated at HF/6-31G (d) and B3LYP/6-
31G (d) level in gas-phase are presented in Table 4. To
investigate the solvent effect for the atomic charge distribu-
tions of the title compound, based on B3LYP/6-311G(d)
model and Onsager reaction field model, three kinds of
solvent (chloroform, ethanol and water) were selected and
calculated values were also listed in Table 4.

It can be seen from this table that the Mulliken atomic
charges of the O1 atom and nitro group oxygen atoms (O2
and O3) have bigger negative atomic charges in gas phase.
This behavior can be the result of electronegativity of nitro
group and C5 = O1 double bond character. On the other
hand, it can be found that in solution-phase, the atomic
charge values of the O2 and O3 atoms are bigger than those
in gas-phase and while their atomic charge values will
increase with the increase of the polarity of the solvent, that
value of O1 decrease with the increase of the solvent polarity.
This result reveals that the coordinate ability of O1, O2 and
O3 atoms will be changed in different solvents, which may be
helpful when one wants to use the title compound to construct
interesting metal complexes with different coordinate geom-
etries [41]. This calculated result is not only consistent with
many reported experimental facts [42–44], it also supports
the original idea of our synthesis.

In addition, total energy and dipole moment have been
calculated in both gas phase and solvent media with HF/6-
31G (d) and B3LYP/6-31G (d) levels using Onsager
reaction field model and the results are presented in Table 5.
Looking at this table, we can conclude that obtained total
energies of the title compound from both HF and DFT
decreases with the increasing polarity of the solvent so that
the stability of the title compound increases.

Electronic absorption spectra

The UV-visible spectrum of ortho hydroxylated Schiff
bases which exist mainly as phenol-imine structure indi-
cates the presence of a band at <400 nm, while compounds
exist as keto-amine form show a new band, especially in
polar and nonpolar solvents at >400 nm [45–54]. Experi-
mentally, electronic absorption spectra of the title com-
pound in DMF solvent show two bands at 360 and 406 nm,
which correspond to phenol-imine and keto-amine forms,
respectively. These values are similar to those found in
related compounds [55]. According to experimental results,

D—H·A D—H H·A D·A D—H·A

X-ray

N2-H11···O1 0.896(17) 1.960(17) 2.6762(14) 135.8(14)

N2-H11···O1i 0.896(17) 2.204(16) 2.8843(13) 132.3(14)

N1-O2···Cg(1)ii 4.55 3.5295(12) 4.010(13) 104.04(8)

B3LYP/6-31G(d)

N2-H11···O1 1.031 1.901 2.691 130.81

N2-H11···O1i 1.031 2.141 2.908 129.53

HF/6-31G(d)

N2-H11···O1 1.007 2.011 2.740 127.18

N2-H11···O1i 1.007 2.152 2.932 132.86

Table 2 Hydrogen-bond
geometry (Å, °)

Symmetry codes: (i) –x + 1, -y +
2, -z + 1 (ii) -1 + x, y, z

Fig. 4 Part of the crystal structure of the title compound showing the
intra- and inter molecular N-H·O interactions as dashed lines. H atoms
not involved in hydrogen bonding have been omitted for clarity

J Mol Model (2009) 15:1281–1290 1285



the keto-amine form is dominant in DMF solvent which has
absorption band at 406 nm with log ε=4.704.

Electronic absorption spectra were calculated by TD-
DFT and TD-HF methods based on the B3LYP/6-31G(d)
and HF/6-31G(d) levels optimized structure, respectively.
For TD-HF calculations, the predicted absorption wave-
length is at 282.39 nm with oscillator strength being
0.3974. It is obvious that this band is not corresponding
to the experimental results, which shows that to use the TD-
HF method here to predict the electronic absorption spectra
is not reasonable. For TD-DFT calculations, the theoretical
absorption band is at 374 nm with the oscillator strength
being 0.2012. That is, for the title compound, the TD-DFT
method is convenient to predict the electronic absorption
spectra. According to the TD-DFT calculational electronic
absorption spectra show that the maximum absorption
wavelength corresponding to the electronic transition from
the highest occupied molecular orbital (HOMO) to the
lowest unoccupied molecular orbital (LUMO). The frontier
molecular orbitals (HOMO and LUMO) of the title com-
pound are shown in Fig. 6. As seen from Fig. 6, both the
highest occupied molecular orbitals (HOMO) and the
lowest-lying unoccupied molecular orbitals (LUMO) are
mainly localized nitrocyclohexa ring and N2-H11 bond.

Molecular orbital coefficients analyses based on opti-
mized geometry indicate that, for the title compound, the
frontier molecular orbitals are mainly composed of p atomic
orbitals, so above electronic transitions are mainly derived
from the contribution of bands π → π*.

Fig. 5 Atom-by-atom superimposition of the structures calculated
(red) (A = DFT; B = HF) over the X-ray structure (black) for the title
compound

Table 3 Selected molecular structure parameters

Parameters Experimental Calculated 6-31G(d)

HF B3LYP

Bond lengths (Å)

C2-N1 1.4391(16) 1.43573 1.45082

C4-C7 1.4228(18) 1.40050 1.41163

C5-O1 1.2571(15) 1.22490 1.26017

C7-N2 1.2863(16) 1.29923 1.31547

C8-N2 1.4669(16) 1.46002 1.46305

C8-C9 1.5088(17) 1.52390 1.52790

C9-C10 1.5213(19) 1.53147 1.53581

C10-C11 1.518(2) 1.52982 1.53445

C11-C12 1.507(2) 1.52978 1.53408

C12-C13 1.508(2) 1.52982 1.53433

C13-C14 1.502(3) 1.52983 1.53413

C14-C15 1.505(3) 1.52969 1.53410

C15-C16 1.501(3) 1.52979 1.53412

C16-C17 1.486(4) 1.52826 1.53207

N1-O3 1.2244(15) 1.19678 1.23536

N1-O2 1.2307(15) 1.20007 1.23662

RMSE 0.02230 0.0217

Bond angles (°)

C3-C2-N1 119.18(11) 119.5589 119.3858

C1-C2-N1 119.77(12) 119.7156 119.5324

C3-C4-C7 117.81(11) 118.4294 119.1752

O1-C5-C6 122.38(11) 122.2158 122.2089

O1-C5-C4 121.54(12) 122.2199 121.9457

N2-C7-C4 124.56(11) 125.1046 122.7003

N2-C8-C9 114.66(10) 115.2434 115.4121

C8-C9-C10 111.15(11) 111.2472 111.4872

C11-C10-C9 112.31(12) 112.7622 113.0947

C12-C11-C10 114.70(14) 113.0434 113.1877

C11-C12-C13 113.94(16) 113.158 113.4877

C14-C13-C12 115.26(17) 113.2178 113.3972

C13-C14-C15 114.81(19) 113.2563 113.5782

C16-C15-C14 115.9(2) 113.3151 113.5186

C17-C16-C15 113.9(3) 113.0109 113.2411

O3-N1-O2 122.17(11) 123.917 124.0023

O3-N1-C2 118.95(11) 117.8039 117.7927

O2-N1-C2 118.88(11) 118.2791 118.2049

C7-N2-C8 126.09(10) 128.1971 127.8723

RMSE 1.0821 1.1124

Torsion angles (°)

C1-C2-N1-O3 5.2(2) 0.0015 -0.0082

C4-C7-N2-C8 175.50(13) 180.00 179.42

C9-C8-N2-C7 6.6(2) -0.0228 3.6822

N2-C8-C9-C10 -176.29(14) 180.00 179.62

C7-C4-C5-O1 2.7(2) 0.0004 0.0841

C8-C9-C10-C11 -172.53(17) 180.00 -179.20

C10-C11-C12-C13 -173.3(2) -179.99 -179.03

C12-C13-C14-C15 -174.1(3) -179.99 -179.28

C14-C15-C16-C17 -176.4(4) 179.99 -179.62
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Molecular electrostatic potential

Molecular electrostatic potential (MEP) is related to the
electronic density and is a very useful descriptor in
understanding sites for electrophilic attack and nucleophilic
reactions as well as hydrogen bonding interactions [56–58].
The electrostatic potential V(r) are also well suited for
analyzing processes based on the “recognition” of one
molecule by another, as in drug-receptor, and enzyme-
substrate interactions, because it is through their potentials
that the two species first “see” each other [59, 60]. Being a
real physical property V(r)s can be determined experimen-
tally by diffraction or by computational methods [61].

To predict reactive sites for electrophilic and nucleophil-
ic attack for the title molecule, MEP was calculated at the

B3LYP/6-31G(d) optimized geometry. The negative (red
color) regions of MEP were related to electrophilic
reactivity and the positive (blue color) ones to nucleophilic
reactivity shown in Fig. 7.

As easily can be seen in Fig. 7, this molecule has two
possible sites for electrophilic attack. The negative regions
are mainly over the O1 atom and between O2 and O3
atoms. The most negative V(r) value is associated with the
region between O2 and O3 atoms with a value -0.059 a.u.
while the O1 value is about -0.050 a.u. Thus, the calculations
suggested that the preferred site for electrophilic attack is the
region between O2 and O3 atoms, followed from the O1
atom. A maximum positive region is localized on the C7-H7
bond with a value of +0.044 au indicating a possible site for
nucleophilic attack.

Table 4 Atomic charges (e) of the title compound in gas phase and solution phase

In gas phase In solution phase B3LYP/6-31G(d)

HF/6-31G(d) B3LYP/6-31G(d) Chloroform (ε=4.9) Ethanol (ε=24.55) Water (ε=78.39)

C1 0.139581 0.042200 0.025411 0.018343 0.016865

C2 0.075751 0.252783 0.252716 0.252790 0.252813

C3 0.148289 -0.036292 -0.033908 -0.032960 -0.032768

C4 -0.238609 0.025937 0.023733 0.023104 0.022962

C5 0.589348 0.426098 0.425991 0.425920 0.425905

C6 -0.086876 -0.048019 -0.055400 -0.058531 -0.059172

C7 0.474885 0.278395 0.291239 0.296548 0.297657

C8 0.324245 0.234248 0.245066 0.249710 0.250650

C9 -0.017892 0.012821 0.006523 0.003808 0.003265

C10 0.018506 0.017258 0.027117 0.031304 0.032165

C11 0.010977 0.010357 0.002815 -0.000338 -0.000984

C12 0.005864 0.005767 0.014852 0.018662 0.019439

C13 0.004556 0.004472 -0.003378 -0.006642 -0.007309

C14 0.002256 0.002443 0.011580 0.015400 0.016179

C15 0.003637 0.008478 0.000421 -0.002915 -0.003591

C16 0.005017 0.013591 0.023576 0.027749 0.028596

C17 -0.002171 -0.015004 -0.006230 -0.002336 -0.001481

N1 0.519860 0.367563 0.360154 0.356853 0.356153

N2 -0.286297 -0.159891 -0.150544 -0.146627 -0.145766

O1 -0.704510 -0.609200 -0.603262 -0.600451 -0.599861

O2 -0.505018 -0.423234 -0.427435 -0.429444 -0.429881

O3 -0.481399 -0.410771 -0.431036 -0.439946 -0.441836

HF/6-31G(d) B3LYP/6-31G(d)

Solvent Energy (a.u.) μ (Debyes) Energy (a.u.) μ (Debyes)

Gas -992.2694571 9.2783 -998.56715044 8.9146

Chloroform -992.2744082 11.6871 -998.57182112 11.4750

Ethanol -992.2764519 12.6884 -998.57381087 12.5871

Water -992.2768750 12.8980 -998.57422813 12.8219

Table 5 Total energies and
dipole moments of the title
compound in different solvent
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Fig. 7 Molecular electrostatic potential map calculated at B3LYP/6-
31G(d) level

Fig. 6 HOMO and LUMO of the title compound

T (K) H0
m kcal:mol�1ð Þ C0

p;m cal:mol�1:K�1ð Þ S0m cal:mol�1:K�1ð Þ

200 3.165 63.525 145.589

250 6.742 75.772 161.503

298.15 10.787 88.377 176.269

300 10.955 88.870 176.830

350 15.831 102.186 191.837

400 21.365 115.114 206.598

450 27.528 127.269 221.101

500 34.275 138.480 235.309

Table 6 Thermodynamic prop-
erties at different temperatures at
B3LYP/6-31G(d,p) level
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Thermodynamic properties

On the basis of vibrational analysis and statistical thermo-
dynamics, the standard thermodynamic functions: heat
capacity C0

p;m

� �
, entropy S0m

� �
, and enthalpy H0

m

� �
were

obtained at B3LYP/6-31G(d) level and listed in Table 6.
Table 6 shows that the standard heat capacities,

entropies, and enthalpies increase at any temperature from
200.00 to 500.00 K, because the intensities of molecular
vibration increase with the increasing temperature.

The correlations between these thermodynamic proper-
ties and temperatures T are shown in Fig. 8. The correlation
equations are as follows:

C0
p;m ¼ 7:79777þ 0:28511 T � 4:55787

� 10�5 R2 ¼ 0:99955
� � ð2Þ

S0m ¼ 79:64065þ 0:34278 T � 6:30643

� 10�5 T 2 R2 ¼ 0:99999
� � ð3Þ

H0
m ¼ �4:77016þ 0:01395 T þ 1:28357

� 10�4 T2 R2 ¼ 1
� � ð4Þ

These equations will be helpful for the further studies of the
title compound.

Conclusions

N-n-Decyl-2-oxo-5-nitro-1-benzylidene-methylamine has
been synthesized and characterized by IR, UV–Vis, and
X-ray single-crystal diffraction. The comparisons between
the calculated results and the X-ray experimental data indicate
B3LYP/6-31G(d) method is better than HF/6-31G(d) method
in evaluating geometrical parameters. For the calculation of
vibrational frequencies both the methods B3LYP/6-31G(d)
and HF/6- 31G(d) can predict the IR spectrum of title
compound well.

The carbonyl oxygen atom has bigger negative atomic
charge in gas phase and its atomic charge value will decrease
with the increase of the polarity of the solvent. Molecular
electrostatic potential map shows several possible sites for
electrophilic attack. Molecular orbital coefficients analyses
suggest that the electronic spectra is corresponding to π→π*
electronic transition. The correlations between the thermo-
dynamic properties Co

p;m, S
o
m, H

o
m and temperatures T are

also obtained.
Acknowledgments This study was supported financially by the
Research Centre of Ondokuz Mayıs University (Project No: F-476).

Fig. 8 Correlation graphics of thermodynamic properties and
temperatures
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