Asian Journal of Chemistry; Vol. 31, No. 8 (2019), 1871-1876 @

ASIAN JOURNAL OF CHEMISTRY | ).

1520 Joural of ChemiS

https://doi.org/10.14233/ajchem.2019.22039

*Corresponding author: E-mail: dr_redaammar @yahoo.com

Received: 27 February 2019; Accepted: 20 May 2019;

| A novel Co(IlI) complex derived from hexaadentate Schiff base ligand,
tris-2-aminoethyl amine and o-vanillin in 1:3 molar ratio. The structure
| analyses, FT-IR, NMR, ESI-MS and UV/visible and thermal stability. D

| distribution, HOMO-LUMO energy and the thermodynami
|

applications as
H;L, obtained
ethyl-amine and
been studi

ibed the synthesis of H;L derived
yinoethyl-amine and o-vaniline and its Co(III)
by the investigations of their neuromodulatory
properties. D td DFT (TD-DFT) calculations are achieved
to obtain insights into the structure of H;L and its Co(III)
complex to gain information of better understanding of the

AJC-19468

ligand is prepared from the reaction of |
(III) complex was described by micro-
ut to get insights into the ligand and its |

pometrical and electronic properties and to show the des-
ption of the spectroscopic assignments of the UV-visible
ncluding HOMO, LUMO, MEP and Mulliken atomic charge
distribution.

EXPERIMENTAL

The elemental analyses (CHN) of synthesized Hs;L and
its Co(IIl) 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 HsL and its Co(III) complex were
obtained as a KBr pellet using Perkin Elmer 621 spectrophoto-
meter at 4000-400 cm™. SDTQ-600 (TA) was used to study
the thermal behaviour of the complex in helium (100 mL min™).
The ESI-MS spectra of H;L. and its Co(IIl) complex were
determined using Agilent technologies Ion trap LC/MS 6320.

Synthesis of ligand, H;L: 7Tris(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 HsL calcd. for C3,H3sN4Os: C, 65.68;
H, 6.61; N, 10.21. F.: C, 65.61; H, 6.56; N, 10.15 %; ESI-MS
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m/z: 550.25, '"H NMR (400 MHz, (CH3),SO-ds, ppm): 8.22 (s,
C H=N, 3H), 6.56-6.94 (m, 9H, H-Ar), 3.71 (s, 9H, -OCHs),
1.93 (-CH>-), 1.89 (-CH,-): “C NMR (DMSO-ds, ppm): 166.9
(-CH=N), 153.2 (-C-OH), 148.7 (-C-O-CHj3), 123.7-115.0 (Ar-
©), 56.6 (-CH,-CH>-), 56.2 (-CH»-CH,-), 55.4 (-O-CHj3); IR
(KBr pellet, cm™): 1645 v(CH=N),

Synthesis of Co(III) complex: To an alcoholic solution
of ligand, H;L (100 mg, 0.182 mol) mixed with catalytic
amount of trimethylamine was added hydrated Co(I1I) 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 C3;0H33N,O¢Co: 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, 'H NMR (400 MHz, (CH3),SO-ds, ppm): 8.21 (s,
3H, -CH=N), 6.56-7.10 (m, 9H, Ar-H), 3.85 (s, 9H, -O-CHs);
2.87 (-CHb), - 2.79 (-CH,); *C NMR: 170.5 (-CH=N), 157.5
(-C-0-), 135.5-120.4 (Ar-C); IR (KBr pellet, cm™): 1625
Vv(CH=N).

Computational procedures: All quantum chemical compu-
tations of HsL and its Co(III) complex were achieved by using
G16W suit of programs [20]. The optimized molecular studies
of H;L 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 H;L 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
proposed structure of ligand and its Co(IIl) complex.
synthesized H;L upon complexation with CoClaggal:1 mola

moleclar hydrogen bonding interaction between the NH nitrogen
and the 0-C¢Hs-OH proton [26]. Interestingly, the azomethine
band is dropped upon complexation and observed at 1625 cm’™
[27]. Furthermore, the IR spectrum of HsL. shows the aromatic
vibrations due to C=C bond and C-H bond at 1575-1520 and
756-750 cm!, respectively [28]. However, these positions shifted

ever, the signals in *C NMR signals
n complexation of ligand to cobalt(III)

ermal stability of the complex, thermal study
ecorded which showed degradation of complex in three
t degradation step occurred at 130-150 °C, indi-
e loss of moisture and assigned is to 5.56 %. The
ond degradation step is the main decomposition step and
curred at 400-500 °C and leads to the 48 % which is equiva-
t 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
Co0,0; corresponding to 12.67 % of the total weight of complex.

=N < N=
Alcohol @)H \ H@
4
Stirring/RT _0 0
OH \
-Vanillin o
311 mg /
Ligand HsL
/v
N= Alcohol /N\r‘JCo/N_
coho —
N H@ + CoCl;-6H,0 I O/I\\l/\ 0
v Et;N/Stirring/RT e (o)
0 Co(lll) chloride ~ ° 9 0 \
oH \ Q
0.273 mol \
O
/ Co(lll) complex
Ligand HgL  0.182 mol

Scheme-I: Synthetic method of HsL and its Co(III) complex
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Molecular geometry: Ligand H;L and Co(III) complex is
fully optimized in gas phase applying DFTB3LYP/6311TD
(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 Hs;L. and complex. H;L (Fig. 1a) of complex
coordinates through azomethine and deprotonated hydroxyl
oxygen to Co(Ill) ion. The optimized Co(II) 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 C7N8, C10N11, C16N15
and C25 - N24 lengthen slightly. The bond lengths of the C=N
groups that ranged from 1.276-1.285 @ in the free ligand
elongate to 1.295-1.301 in the complex, while the bond lengths
of C10-N11 (sp?) group elongated from 1.464 to 1.476 @[35].
However, the C18023, C4-012 and C31033 bond length
of 1.288, 1.291 and 1.265 @are less than those of 1361, 1371
and 1341 @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 £0,3C03502,
4023CO35N15, 4012CO35N3, 4023CO35N3, 4023C035N11
4012C035N11 were 100.60, 92.60, 88.00, 107.50, 143.4
110.4°, respectively, in the Co(III) complex. The complexal
does not affect the bond length and bond angle values of t
benzene skeleton and other remotely residing gza

Electronic spectra and their frontier mg
The UV-visible spectra of HiL and its ({88
ethanol are shown in Fig. 2. Prior to thgf 3

(]

ligand, the absorption maxima wgre

attributed to transition n—n* [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 H;L and complex were calculated by
TD-DFT/B3LYP/6-311G (d,p) in ethanol 4
applied to calculate and prepare the co 3s to
molecular orbitals and UV-visible spg

ts of Co(III) complex along with the
O and LUMO molecular orbitals are

emical reactivity and low kinetic stability
ganresent complex. The dipole moment, SCF energy and
O energy gap, indices are computed at TD-DFT/
YP 6-511G(d,p) level of theory shown in Table-1.

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

(b) Jb

Fig. 1. Optimized geometry of ligand and its Co(III) complex
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Mullikens plots 1h 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.
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Conclusion

The Co(IIl) complex was synthesized by the reaction of
H;L with cobalt(IIT) chloride in ethanol. The Co(IIl) complex
was characterized by spectral and DFT calculations in order
to know the bonding mode inside into the structure.
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Fig. 5. Mulliken charge distribution of ligand and its Co(IlI) complex

Fig. 4. MEP surface 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 148.272
(cal mol' K')
Total entropy, S (cal mol' K') 230.818
Field independent dipole moment (Debye)
ux -2.2018
uy -0.2290
uz -0.6124
utotal 2.2968
Frontier MO energies (eV)
LUMO (o-spin) -1.25
LUMO (B-spin) -3.78
HOMO (3-spin) -5.05
HOMO (0-spin) -5.06

GAP= LUMO-HOMO (0-spin),
LUMO-HOMO (B-spin)
Global reactivity descriptors (eV)

3.81 (o-spin),
1.27 (B-spin)

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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