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INTRODUCTION

The chemistry of Schiff bases have attracted worldwide
attention because of their flexible nature and ease in preparation
from one pot condensation of primary aliphatic or aromatic
amines and carbonyl compounds [1,2]. Moreover, the Schiff
bases as coordinating ligands find extensive applications in
chemistry and biochemistry and possess significant biological
activity [3-6]. Recently, there is rapid growth in coordination
chemistry of Schiff base ligands [7-9]. Tris(2-aminoethyl)amine,
a commercially available tripodal amine, has shown tremendous
applications as a ligand [10]. Over the years, the hexadentate
H3L, obtained by the condensation reaction of tris-2-amino-
ethyl-amine and salicyladehyde or its close analogues have
been studied extensively due to their flexible nature around
aminoethyl regions in conjunction with the rigidity of the
salicylidene units to make ease in the encapsulation of metal
ions [11-19].

In this work, we described the synthesis of H3L derived
from tris-2-aminoethyl-amine and o-vaniline and its Co(III)
complex followed by the investigations of their neuromodulatory
properties. DFT and DFT (TD-DFT) calculations are achieved
to obtain insights into the structure of H3L and its Co(III)
complex to gain information of better understanding of the
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geometrical and electronic properties and to show the des-
cription of the spectroscopic assignments of the UV-visible
including HOMO, LUMO, MEP and Mulliken atomic charge
distribution.

EXPERIMENTAL

The elemental analyses (CHN) of synthesized H3L and
its Co(III) complex were recorded using ElementarVarrio EL
analyzer. The electronic spectra were collected using LKB-
Biochem, UV-visible spectrophotometer at room temperature
in ethanol. FT-IR spectra of H3L and its Co(III) complex were
obtained as a KBr pellet using Perkin Elmer 621 spectrophoto-
meter at 4000-400 cm-1. SDTQ-600 (TA) was used to study
the thermal behaviour of the complex in helium (100 mL min-1).
The ESI-MS spectra of H3L and its Co(III) complex were
determined using Agilent technologies Ion trap LC/MS 6320.

Synthesis of ligand, H3L: Tris(2-aminoethyl)amine (100
mg, 0.684 mol) was added into the alcoholic solution of
o-vanillin (311 mg, 2.05 mol) at room temperature in 1:3 molar
ratio followed by vigorous stirring for 10 h. The filtrate was
collected and yellow microcrystalline product was obtained
upon evaporation at room temperature.

Yield: 87 %, Anal. of H3L calcd. for C30H36N4O6: C, 65.68;
H, 6.61; N, 10.21. F.: C, 65.61; H, 6.56; N, 10.15 %; ESI-MS



m/z: 550.25, 1H NMR (400 MHz, (CH3)2SO-d6, ppm): 8.22 (s,
–CH=N, 3H), 6.56-6.94 (m, 9H, H-Ar), 3.71 (s, 9H, -OCH3),
1.93 (-CH2-), 1.89 (-CH2-): 13C NMR (DMSO-d6, ppm): 166.9
(-CH=N), 153.2 (-C-OH), 148.7 (-C-O-CH3), 123.7-115.0 (Ar-
C), 56.6 (-CH2-CH2-), 56.2 (-CH2-CH2-), 55.4 (-O-CH3); IR
(KBr pellet, cm-1): 1645 ν(CH=N),

Synthesis of Co(III) complex: To an alcoholic solution
of ligand, H3L (100 mg, 0.182 mol) mixed with catalytic
amount of trimethylamine was added hydrated Co(III) chloride
was stirred for 10 h, which led to the formation of slight white
turbidity. Yellow coloured microcrystalline product was
obtained in few days.

Yield: 72 %; Anal. calcd. for C30H33N4O6Co: C, 58.97; H,
5.44; N, 9.17. Found: C, 58.89; H, 5.38; N, 9.12 %; ESI-MS
m/z: 610.17, 1H NMR (400 MHz, (CH3)2SO-d6, ppm): 8.21 (s,
3H, -CH=N), 6.56-7.10 (m, 9H, Ar-H), 3.85 (s, 9H, -O-CH3);
2.87 (-CH2), - 2.79 (-CH2); 13C NMR: 170.5 (-CH=N), 157.5
(-C-O-), 135.5-120.4 (Ar-C); IR (KBr pellet, cm-1): 1625
ν(CH=N).

Computational procedures: All quantum chemical compu-
tations of H3L and its Co(III) complex were achieved by using
G16W suit of programs [20]. The optimized molecular studies
of H3L and its Co(III) complex were measured in the gas phase
at DFT B3LYP/6-31 + G(d,p) level of theory. Fukui functions
of H3L and its Co(III) complex were calculated by using DMol3
[21,22] and B3LYP/DND programs [23].

RESULTS AND DISCUSSION

The analytical data characterization is quite close to the
proposed structure of ligand and its Co(III) complex. The
synthesized H3L upon complexation with CoCl3 in 1:1 molar
ratio yields Co(III) complex (Scheme-I). Presence of a strong
stretching vibration due to azomethine group at 1645 cm-1 in
the synthesized H3L indicates that the –NH2 group has been
condensed [24,25]. Furthermore, the IR spectrem of H3L also
demonstrates band at 3000-2150 cm-1 which is assigned inter-

moleclar hydrogen bonding interaction between the NH nitrogen
and the α-C6H5-OH proton [26]. Interestingly, the azomethine
band is dropped upon complexation and observed at 1625 cm-1

[27]. Furthermore, the IR spectrum of H3L shows the aromatic
vibrations due to C=C bond and C-H bond at 1575-1520 and
756-750 cm-1, respectively [28]. However, these positions shifted
upon complexation. The presence of a broad band at 3415-3225
cm-1 in the Co(III) complex suggests the presence of water [29].

The 1H NMR spectra of H3L exhibited at 8.22 ppm assigned
to–CH=N resonance, which gets strong support due to the
existence of sharp signal at 166.9 ppm assigned to azomethine
carbon in 13C NMR. The proton resonance due to –OCH3 group
appeared at 3.71 ppm. However, the signal due to O-CH3 group
in 13C NMR appeared at 55.4 ppm. Furthermore, proton reso-
nance due to -CH2/-CH2 protons were observed at 1.89-193
ppm in the free ligand, whereas the signals due to–CH2 and
aromatic carbons appeared at 56.2-56.6 ppm, 115.0-153.2 ppm,
respectively in the free ligand. The resonances due to various
hydrogen atoms are consistent to the structure of Co(III) complex
and show a multiplets at 6.56-7.10 ppm attributed to aromatic
protons of o-vanillin moiety in the complex. The signals due
to methyl protons of methoxy group appeared as singlet at
3.85 ppm and the signals due to methylene protons appeared
at 2.79-2.87 ppm. However, the signals in 13C NMR signals
showed deshielding upon complexation of ligand to cobalt(III)
ion.

To check the thermal stability of the complex, thermal study
was recorded which showed degradation of complex in three
steps. The first degradation step occurred at 130-150 °C, indi-
cated to the loss of moisture and assigned is to 5.56 %. The
second degradation step is the main decomposition step and
occurred at 400-500 °C and leads to the 48 % which is equiva-
lent to the loss of the two salen moietes. However, the remaining
organic moiety which is equivalent to 35.33 % is decomposed
at temperature 750 °C in third and final step, leaving behind
Co2O3 corresponding to 12.67 % of the total weight of complex.
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Molecular geometry: Ligand H3L and Co(III) complex is
fully optimized in gas phase applying DFTB3LYP/6–311TD
(d,p) basis set in term of energy. Fig. 1 shows the numbering
of the complex atoms used to calculate the bond distances and
bonds angle of H3L and complex. H3L (Fig. 1a) of complex
coordinates through azomethine and deprotonated hydroxyl
oxygen to Co(III) ion. The optimized Co(III) complex (Fig.
1b) indicates the distorted geometry of the structure around
the center of the metal. The bond distances calculated around
the center of cobalt is slightly longer compared to free ligand.
Elongation in bond lengths might be possible because of the
electron shifting from ligand to metal. The ligand with a planar
structure loses its planarity after the complexation with Co(III)
ion. After complexation, angular deformation was observed
in the metal complex in the ligand fraction. Due to this defor-
mation, the lengths of the bonds C7–N8, C10–N11, C16–N15
and C25 - N24 lengthen slightly. The bond lengths of the C=N
groups that ranged from 1.276-1.285 Å in the free ligand
elongate to 1.295-1.301 in the complex, while the bond lengths
of C10-N11 (sp3) group elongated from 1.464 to 1.476 Å [35].
However, the C18–O23, C4-O12 and C31–O33 bond length
of 1.288, 1.291 and 1.265 Å are less than those of 1361, 1371
and 1341 Å in free ligand. A similar behaviour was noticed for
other bond lengths in cobalt complex. Slight variation in bond
length values resulted in deviation of bond angle from standard
values around the metal center. Bond angles ∠O23Co35O12,
∠O23Co35N15, ∠O12Co35N8, ∠O23Co35N8, ∠O23Co35N11 and
∠O12Co35N11 were 100.6°, 92.6°, 88.0°, 107.5°, 143.4° and
110.4°, respectively, in the Co(III) complex. The complexation
does not affect the bond length and bond angle values of the
benzene skeleton and other remotely residing groups.

Electronic spectra and their frontier molecular orbitals:
The UV-visible spectra of H3L and its Co(III) complex in
ethanol are shown in Fig. 2. Prior to the complexation of the
ligand, the absorption maxima were noticed at 345 nm,

attributed to transition n→π* [30-34]. In case of the Co(III)
complex, the maximum band with respect to the ligand band
was shifted to 449 nm because of the extension of the larger
conjugated system after coordination driving the interaction
of the LMCT. In order to understand deeply, the simulated
UV-visible spectra of H3L and complex were calculated by
TD-DFT/B3LYP/6-311G (d,p) in ethanol. GaussSum 2.2 was
applied to calculate and prepare the contributions of groups to
molecular orbitals and UV-visible spectra, respectively. It can
be seen that the UV-visible spectra obtained with TD-DFT
B3LYP 6-311G (d,p) [29,35] are logically calculated. Solvent
effects generated larger absorption bands [36]. It is clear that
the transition at 490 and 348 corresponds to β-spin HOMO-
LUMO and α-spin HOMO-LUMO with 55 and 52 transition
contribution, respectively. On the other hand, two peaks at
327 and 326 nm are due to β-spin HOMO-LUMO with 70
and 74 % contribution in the electronic transition. In case of
the ligand, the theoretical UV-visible spectrum was observed
important transitions at 331, 321 and 318 nm that correspond
to the various HOMO-LUMO strata with a transition contri-
bution of 61, 83 and 89 % in the spectrum. Other bands obser-
ved at 264 and 251 with 94 and 93 % transition contributions
appeared because of the origin π→π*.

The isodensity plots of Co(III) complex along with the
energy values of HOMO and LUMO molecular orbitals are
depicted in Fig. 3. The low HOMO and LUMO gap gives an
idea of the high chemical reactivity and low kinetic stability
of the present complex. The dipole moment, SCF energy and
HOMO–LUMO energy gap, indices are computed at TD-DFT/
B3LYP 6-311G(d,p) level of theory shown in Table-1.

The molecular electrostatic potential (MEP) map of the
Co(III) complex is calculated and used to study the binding
properties are displayed in Fig. 4. The -ve MEP is found on
the oxygen atoms, as indicated by a slight red colour [37,38]
(Fig. 4). The +ve and -ve potential of MEP for the studied

(a) (b)

Fig. 1. Optimized geometry of ligand and its Co(III) complex
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Co(III) complex is preferred site for nucleophilic and electro-
philic attacks.

Mulliken charge population and other properties:
Mulliken’s charges [37-39] can be used as a fast and qualitative
guild for the atomic charges in the molecules to obtain prior
information on properties associated with systems. The charge
distributions on ligand and its Co(III) complex calculated
by the Mulliken method were given by the corresponding
Mulliken’s plots in Fig. 5. Molecular properties [40] such as
thermodynamic parameters, dipole moment and descriptors
of chemical reactivity are important and are based on HOMO-
LUMO and its energy gap. Thermodynamic data such as
thermal energy, molar heat capacity and entropy of the complex
are given in Table-1.

Conclusion

The Co(III) complex was synthesized by the reaction of
H3L with cobalt(III) chloride in ethanol. The Co(III) complex
was characterized by spectral and DFT calculations in order
to know the bonding mode inside into the structure.
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Fig. 4. MEP surface of Co(III) complex
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Fig. 3. HOMO and LUMO of Co(III) complex
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TABLE-1 
CALCULATED SCF ENERGY, ZERO-POINT  

VIBRATIONAL ENERGY, THERMODYNAMIC  
QUANTITIES (AT 298.15 K), DIPOLE MOMENT, ENERGIES  

OF FRONTIER MOLECULAR ORBITALS AND GLOBAL 
REACTIVITY DESCRIPTORS OF COMPLEX 

Parameters B3LYP with  
6-311G(d, p) 

SCF energy (kcal/mol) -2266927.9 
Zero point vibrational energy (kcal/mol) 373.25461 
Total thermal energy (kcal/mol) 397.258 
Molar heat capacity at const. volume, Cv  
(cal mol–1 K–1) 

148.272 

Total entropy, S (cal mol–1 K–1)  230.818 
Field independent dipole moment (Debye)  
µx -2.2018 
µy -0.2290 
µz -0.6124 
µtotal 2.2968 
Frontier MO energies (eV)  
LUMO (α-spin) -1.25 

LUMO (β-spin) -3.78 

HOMO (β-spin) -5.05 

HOMO (α-spin) -5.06 

GAP= LUMO-HOMO (α-spin),  
LUMO-HOMO (β-spin) 

3.81 (α-spin),  
1.27 (β-spin) 

Global reactivity descriptors (eV)  
Hardness 1.905 
Chemical potential -3.15 
Electrophilicity index 2.60 
Electronegativity 3.15 
Ionization potential 5.05 
Softness 0.524 
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