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Abstract

The current study is designed to synthesize four new bidentate metal complexes [MCI,L1] M = Co, Cu
and L1 = 1,2-Diphenyl-2-(phenylimino)-1-ethanone or [MCI;L2] M = Co, Cu and L2 = 1,2-Diphenyl-
2-(p-tolylimino)-1-ethanone. In addition, theoretical study preforms to predict the chemical reactivity
and stability of the prepared complexes. Thus, the density function theory (DFT) studies, quantum
chemical descriptors like chemical hardness (1)), electronic chemical potential (p), and electronegativity
() are considered. Complexes were synthesized in a simple one-pot reaction and chemical structures
confirmed by different analysis techniques such as Mass spectra, FT-IR, UV-Vis spectroscopies and
thermo gravimetric analysis (TGA). The prepared complexes showed high level of thermal stability
according to analysis results as the melting point of the complexes ranged (249-251 °C).

Keywords: Metal complexes, Schiff base, Syntheses, Thermal analysis, Theoretical studies.

Introduction

Schiff base metal complexes have been studied
extensively.!® Even though, Schiff base still attract
significant attention. Also, a large number of
scientific papers reported every year about its' metal
complexes.*’ This interest because of tunable
properties, cost effective and simple preparation
methods that include condensation reaction between
primary amine and carbonyl compound.®! Over the
past years, Schiff bases transition metal complexes
have been utilised in a wide range of applications.
For example, in biology Schiff base is used as
antibacterial, antifungal, anticancer, antioxidant,
anti-inflammatory, antimalarial, antiviral activity.'>
15 Nevertheless, the limited solubility of Schiff base

is the main disadvantage that is hard to overcome for
this ligand system.'® Thus, the need to update this
ligand system and make it more soluble become
more necessary by adding another functional
group.t”? Current bifunctional ligand system that
includes imino and Kketone represent an ideal
environment for wide range of coordination with
different metal centers. Moreover, it has great
solubility in the most common solvents. This kind of
conjugated is very rare in coordination chemistry.
According to our literature review, we did not find
previous studies reporting such metal complexes.
Herein, we report four new imino-keto complexes
and one can say there are no metal complexes
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reported with this unique imino ethanaone ligand. A
theoretical study combined with the structure
characterization conducted to evaluate the chemical
reactivity of the prepared compounds and to predict
the possible reactivity, which include some
theoretical determinations such as the DFT, quantum
chemical descriptors such a chemical hardness (),
electronic ~ chemical potential (), and

Materials and Methods

Chemicals

The analytical grades of 1,2-diphenylethane-1,2-
dione (Benzil) and 4-methylaniline (p-toluidine)
were requested from the common chemical supply
(Sigma Aldrich) and used as it received without any
further characterization or purification. The FT-IR
(Fourier-transform infrared spectroscopy) of were
collected for the prepared title compounds on
(Bruker) FT-IR Spectrometer from 4000-400 cm* at
25°C using KBr plates. The ultraviolet-visible
spectroscopy (UV-Vis) was recorded for the
synthesized compounds in ethanol 1*103. Quartz
glass cell (10 mm path length) was used on (Perkin
Elmer) spectrophotometer. Mass spectra analyses
were performed at the Chemical Analysis Lab., at the
Department of Chemistry, College of Science,
University of Tehran, Iran using Agilent Technology

electronegativity (). These descriptors are important
to explain the reactivity and stability of studied
compounds.?t-24

The aim of this study is to have deeper insight about
these imino-keto complexes and to understand the
nature of chemical interactions in order to explore
chemical molecules reactivity, atoms, and ions.

Detector). Thermal analyses data was collected using
TA instrument (SDT Q600 V20.9 Build 20) using
standard 90 [ 'L alumina metal pans under Ar (50 mL
min?) from 25-800 °C (with a ramp of 10 C min™).
Melting points were determined in glass capillaries.

Ligand Syntheses

Ligands (1,2-Diphenyl-2-(phenylimino)-1-ethanone
or 1,2-Diphenyl-2-(p-tolylimino)-1-ethanone) were
synthesized by adding gradually aniline or 4-
methylaniline (1 mmol, 0.09 g or 0.10 g) that is
dissolved in 10 mL methanol to round bottom 50 mL
charged with 1,2-diphenylethane-1,2-dione (1 mmol,
0.210 g) dissolved in 20 mL methanol. The mixture
subsequently was stirred and refluxed for 2 hrs.
Consequently, resulted mixture was left to cool down
to room temperature. Eq. 1 illustrates the imino-keto

(HP) (Model: 5973 Network Mass Selective  synthesis stoichiometric.?
MeOH, Reflux
O O et 1y
(X = H, CH5) \
o 0 ¥ o NOX
Equation 1.

Complexes Syntheses

Complexation between synthesized ligands (L1, L2)
and metals chloride was achieved by adding 10 mL
of ethanoic solution of CoCl, or CuCl; (1 mmole,
0.12 g, 0.13 g) to (1 mmole, 20 mL) of ligand that

is formed (2 hours). Reaction was probed by TLC to
monitor the progress of reaction mixture. The final
product was collected as a white precipitate by
filtration. Cold EtOH was employed to remove
unreacted chemicals by wash the product several

charged in a 50 mL round bottom flask Eq. 2. The  times.
mixture was stirred and refluxed until the precipitate
EtOH, Reflux !/ l
= H, CH3 / \
= H, CH3
Equation 2.
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Theoretical Studies

All  computational studies and mathematical
calculations were collected by the Gaussian 09W
program packages using personal computer
(Huawei, Core i5, Windows 10).% The most
common three parameters of Becke's (hybrid

Results and discussion

Complex [MCLL1]{M =Co (1), M =Cu (2)}

A simple and direct one pot reaction between MCI,
(M = Co, Cu) and L1 in 1:1 molar ratio was made
using ethanol as a solvent Eq. 2, that led to form
complex (1) in good vield (0.18 g, 85 %, m.p. 243-
245 °C) and complex (2) in good yield also (0.18 g,
85 %, m.p. 241-242 °C).

Complex [MCL.L2] {M =Co (3), M =Cu (4)}
Complexation was achieved for the complexes 3 and
4 by following the same stoichiometry that described
above for complexes 1 and 2. A moderate product
yield was collected for complex 3 (0.17 g, 62 %, m.p.
243-245 °C) and excellent yield for complex 4 (0.17
g, 62 %, m.p. 249-251 °C).

Several spectroscopic techniques (FT-IR, UV, and
Mass spectra) have been employed to characterize
the prepared iminoketo metal complexes described
above Eq. 2. Complexes (1 and 2) did not give
readable 'H-NMR spectra because of the
diamagnetic behavior of copper ion while complexes
(3 and 4) gave abroad and non-interpret spectra due
to paramagnetism nature of cobalt complexes. All the
prepared complexes exhibited an excellent level of
stability toward wet and air at the ambient
temperature (25 °C). In addition, complexes (1-4)
showed a great solubility in ethanol. Thus, chemical
structures of all ligands and their complexes
confirmed based on a set of accurate chemical and
spectroscopic analysis.

FT-IR Spectroscopy

The FT-IR spectra analysis of the complexes (1-4)
compared with those of the imino ethanaone free
ligands L1 and L2 in order to highlight some
characteristic peaks of functional groups that may be
involved in chelation. In addition, the comparison
between the reported vibrational frequencies of the
related compounds, such as, the Schiff bases of
salicylaldehyde and resacetophenone.®-3® There are
a characteristic peak that used as guide peaks in the
spectra of the ligands. Such as the peaks related to
azomethine v (C= N) and carbonyl v (C=0). FT-IR
spectra analysis of the imino ethanaone ligands L1

functional) that rely on the LYP correlation
functional (B3LYP). 6.31G (d, p) basis set combined
with the most robust functional of the hybrid family,
was employed for theoretical calculations. 27 28
GAUSSIAN VIEW 05 was utilized to display the
collected files from Gaussian program.?

and L2 showed strong bands, at (1650 and 1652) cm
! and (1695 and 1702) cm™, assigned to azomethine
v (C= N) groups and carbonyl groups respectively.
These bands confirm the success of ligand synthesis.
These results are comparable with the reported
studies.®* % A large number of previous studies %% 3
reported decrease or increase in IR frequencies as a
common behaviour in coordination chemistry. For
example, the complexation between the metal ions
and the azomethine group and carbonyl group with a
symmetric phenyl ring shift to higher frequencies. In
addition, the electronic density over the metal ion
and the bonds can also affect the position of the
related peaks toward higher or lower values.? ** IR
spectra chart of compounds 1, 2, 3 and 4 also showed
the appearance of sharp peaks at 1449-1593 cm
these band attributed to carbonyl stretching (C=0)
group. Other characteristic bands at the region 1800-
2500 cm™ can be recognized for the ¥ (C-H) aromatic
bending of complexes (1-4). The strong and sharp
bands located at 1643-16677 cm™ attributed to C=C
stretching. Moreover, bands with medium intensity
at 678-316 cm® might attribute to ¥ (M-N)
vibrations. This is another evidence confirmed the
complexation between the metal centre and the
functional group of the ligand by the nitrogen atom.
The strong sharp bands at 873-875 cm™ indicates the
presence of H,O molecules v (M-H20) in the
coordination complexes.®

[CoCl.L1] (1)

Herein, the observed IR bands in Fig. 1 at v equal to:
3316 (w), 3063 (m), 2445 (m), 1995 (w), 1868 (w),
1660 (s), 1588 (s), 1447 (s), 1393 (w), 1319 (m),
1210 (s), 1169 (s), 994 (w), 937 (w), 740 (w), 873
(s), 719 (s), 686 (m), 638 (s), 461 (m). The ¥(C=N)
at 1697 (s) cm™.
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Figure 1. FT-IR spectrum of complex [CoCl,L1]
(2).

[CuCl,L1] (2)

Fig. 2. shows a series of bands at v equal to: 3316
(w), 3063 (m), 2925 (m), 2000 (w), 1950 (w), 1820
(m), 1659 (s), 1593 (), 1449 (s), 1324 (m), 1210 (s),
1173 (s), 1097 (s), 1071 (w), 1021 (w), 997 (m), 938
(m), 794 (s), 695 (s), 680 (M), 642 (s), 459 (m) cm™.
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Figure 2. FT-IR spectrum of complex [CuCl;L1]
).

[CoCl2L2] (3)

The following IR results related to complex 3
showed in Fig. 3 at v equal to: 3029 (m), 2435 (w),
2003 (w), 1925 (w), 1885 (m), 1659 (s), 1593 (s),
1489 (w), 1449 (s), 1315 (m), 1210 (s), 1211 (9),
1173 (s), 1097 (m), 1071 (m), 997 (s), 718 (s), 681
(m), 642 (s), 466 (m). The ¥(C=N) at 1697 (s) cm™
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Figure 3. FT-IR spectrum of complex [CoCl;L2]
@).

[CuCl.L2] (4)

The following IR bands were observed in Fig. 4 at v
equal to: 3064 (m), 2434 (m), 2115 (w), 1930 (w),
1660 (s), 1593 (s), 1578 (s), 1517 (m), 1488 (m),
1449 (s), 1398 (w), 1325 (m), 1211 (s), 1174 (s),
1096 (w), 1072 (w), 1022 (w), 875 (s), 800 (s), 718
(s), 681 (m), 642 (s), 483 (s) cm?
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Figure 4. FT-IR spectrum of complex [CuCl;L2]
(4).

UV-Visible spectroscopy

UV spectroscopy measurements have employed as a
qualitative analysis for the prepared complexes (1-4).
In this study, the UV spectroscopic characterizations
of all complexes (1-4) noticed at the far UV region
(296 to 302 nm). Measurements were investigated at
25 °C. Figs. 5-8 showed UV-Visible of complexes 1-
4. UV-Visible absorption appeared at 302, 298, 296,
and 300 nm respectively.

The unconjugated chromophore showed bands
related to (m—*n) in a range (235-272 nm) but these
values can affect shifting to high-range depending on
aryl or alkyl groups because of (m—*=r) and (n—*n)
electrons transfer. Also, various Schiff base
compounds showed two absorption peaks at 230 and
310 nm because of (=—*mn) electrons transfer and the
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second peak can appear at 315-375 nm because of
(n—*mx) electrons’ transfer.

[CoClL1] (1)

The UV-Vis spectra of the complex (1), Fig. 5
displayed a band at 295 nm related to the electronic
m-transition in the phenyl groups. The band appeared
at 215 nm because of the n-transition that assigned to
the nonbonding electrons present on the nitrogen
atom of the azomethine. Moreover, the spectrum of
the complex also shows the d-d transition band at
385 nm as a low intensity.

Scan Spectun Curve

1]
190 m 00 o w0
Waselnghir)

Figure 5. UV-Spectrum of complex [CoCl,L1].

[CuCl;L1] (2)

Fig. 6 showed two different bands at 315 nm due to
intraligand transition corresponding to complex (2)
and the second absorption band with low intensity at
372nm due to (d-d) electronic transition.

ScanSpectnn Cve
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Figure 6. UV-Spectrum of complex [CuCl,L1].

[CoCl2L2] (3)

Electronic data presented in Fig. 7 as strong two
bands at 249 nm and 327 nm related to complex 3.
These bands moved towards longer wavelength in
comparison  with the reported absorptions
corresponding to the Schiff base ligand. The first
band at 249 nm because of the intraligand electronic

transition, while the band at 327 nm because of the
charge transfer.

010
1500 mn ] #0000 mo
Wavdergice]

Figure 7. UV-Spectrum of complex [CoCl,L2].

[CuCl2L2] (4)

The electronic spectrum, Fig. 8, of Cu (II) complex
showed two bands at 250 nm and 325 nm. The band
at 250 nm might attribute to the electronic intraligand
transition. However, the second absorption band at
325 nm is due to the charge transfer. According to
these transitions, in addition to the results of the
spectroscopic analysis such as IR, mass spectra and
thermal analysis, we can suggest that an octahedral
geometry around the metal ions of the complexes (1-
4).

1900 wn 000 0 EL
Waveenghirn)

Figure 8. UV-Spectrum of complex [CuCl,L2].

Mass Spectra

The mass spectra were record by exposing all
complexes (1, 2, 3, and 4) to 70 V cone voltages. This
amount of voltage can reduce the dissociation of
ligand. There is some variation in the isotopes of
elements. These differences in the isotopic
abundance lead to appear some fragments at higher
molecular weight than the calculated. The frequency
of the voltage and the steric bulk of the substitution
groups also can increase the intensities of peaks.® It
is hard to avoid water association in such reaction
because the water molecules involved in EtOH and
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MeOH. Thus, some water molecules being
coordinated to the metal ions. In such cases, results
such as mass spectra must be justified.*’. Figs. 9-12 o
summarize the mass spectra of complexes [CoCl,L1] -
(1), [CuClI2L1] (2), [CoCl.L2] (3), and [CuCl.L2] (4) oo
respectively. The spectra showed disappearance of aso00m
the peak of the molecular ion (M+) due to voltage
instability. This situation happened in some
instruments and effect on the resolution of the spectra
but still some characteristic peaks can be highlighted
such as [Co(MeCO-C=NPh+)] that observed at 210
m/z of the [CoCl,L1] (1) spectra and [Cu(PhCO-
C=NPh+)] at 279 m/z of [CuCl,L1] (2). The
spectrum of [CoCl,L1] (3) shows a main peak at 299 ey
m/z belongs to [Co(PhCO-C=NPh+)]. An intense wooo| 571
peak observed at 279 m/z is due to [Cu(PhCO- -
C=NPh+)] of [CuCl;L1] (4) as described below in 2o
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Flgure 9. Mass spectrum of [CoCl,L1] complex.
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Thermal Analysis

The TGA and DTG studies performed to highlight
the thermal behavior of the complexes (1-4) and to
explore the intermediates fragments and the final
products formed because of the thermolysis. The
thermal decomposition process of the metal
complexes involves generally three consecutive
stages (dehydration, ligand pyrolysis and inorganic
residues). Figs. 13-16 showed the thermal analysis of
complexes (1-4) respectively.3 %

[CoCl,L1] (1)

The TG curve Fig. 13 shows two stages of mass loses
which mean the decomposition was continuously.
The first peak at 225 °C indicating the thermally
stability of the compound is up to 225 °C. Next stage
(225-410 °C), the thermal curve showed a mass loss
up to 75% as some water molecules eliminated
because of the dehydration process.

1204

75,00% Weight Change
(1.940mg)

100 F

Weight (%)
Deriv. Weight (%/°C)

2o 400 600 800 1

Temperature (°C) Universal V4 5 TA Insirumet

Figure 13. TGA plots of the [CoCl,L1].

[CuCl2L1] (2)
TGA and DTG curves of the bulk sample, Fig. 14,
showed only one stage of decomposition as a one
peak correspond to DTG at 253.33 °C as a result the
intermediate compounds did not detected. TG
showed a change in the slope at mass loss of 86.04%.

25
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@269m)
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Figure 14. TGA plots of the [CuCl,L1].

[CoCI2L2] (3)

The thermogram showed two, Fig. 15, thermal
decomposition patterns. The first stage at 229 °C is
due to the dehydration of some water molecules. The
resulting compound follow DTG plateau up to 380
°C after which the curve exhibits a mass loss of 70%.
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o and 3 present the calculated electronic properties and
global reactivity parameters for studied complexes.
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(0.09678mg)

004 T

T
=

Weight (%)
Deriv. Weight (%/°C)

i

T
b4
=3

96+

F-0.1

a4

T T T T
200 400 600 800 1000
Temperature (°C) Universal VA 5A TA Inslrument

Figure 15. TGA plots of the [CoCl,L2].

[CuCl.L2] (4)

The thermo-analytical curve (TGA curve), Fig. 16,
revealed that the title compound undergoes a two
decomposition stages. It is interesting to note that the
mass loss of the compound remains constant up to a
temperature of 260 °C thereafter the first stage
started at 261.88 °C. This is confirm the dehydration
stage for the complex by eliminating coordinated
water molecules. Later the compound experienced a
mass loss of about 387.66 °C.

/18870 84 47% Weight Change
(3128mg) L g
100 e 'n \
\\ I ll
Y i
80 Y \
j\\l 0.6 é‘.
g | £
E, 60— !l‘ \1 ] N §
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- e “‘?‘S“‘-——_\\i Fon
-0z
= Y remperare (G M e Figure 19. Optimized geometry of the [CoCl,L2].

Figure 16. TGA plots of the [CuCl,L2].

Computational Simulation

Theoretical calculations performed in order to
investigate the electronic properties and global
reactivity parameters of the studied complexes. The
electronic properties includes HOMO, LUMO and
energy gap (Eg) and the reactivity parameters
includes Electronegativity (c), ionization potential
(IP), electron affinity (EA), chemical potential (p),

global hardness (1) and global softness (). Figs. 17- . —
20 present the optimized geometry while Tables. 2 Figure 20. Optimized geometry of the [CuCl,L2].
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Table 2. HOMO, LUMO and Energy gap values of complex 1.

Model HOMO ev HUMO ev Eg (ev)
Complex [CoCl,L1] -5.23049842 -5.069137 0.1614
Complex [CuCl;L1] -4.5578425 -4.511312 0.0465
Complex [CoCl;L2] -5.69362964 -5.508595 0.185
Complex [CuCl,L2] -4.60355698 -4.546142 0.0574

Table 3. Reactivity parameters values of complex 1
Model IP EA x n c n
Complex [CoCl;L1] 5.23 5.069 5.15 0.081 6.197 -5.15
Complex [CuCl;L1] 4,558 4511 4,535 0.023 21.49 -4.535
Complex [CoCl;L2] 5.694 5.509 5.601 0.093 5.404 -5.601
Complex [CuCl,L2] 4.604 4.546 4,575 0.029 17.42 -4.575

From theoretical calculations, it was found that the
[CoCl,L2] has the lowest energetic gap (Eg = 0.0182
eV), so it is the softest complex and it is the best to
be easily excited while the [CuCl,L2] has the highest
energy gap (Eg = 0.8661 eV), so it is the hardest
molecule.

[CuCl;L1] has the highest HOMO energy (Exomo = -
4.5578425 eV) that allows him to be the best electron
donor complex; on the other hand the [CoCl,L2] has
the lowest LUMO energy (ELumo = -5.94369873 eV)
that allows it to be the best electron acceptor
complex.

The ionization potential (1) and electron affinity (A)
depict the electron exchange that involves electron
donating/accepting ability of the complexes,
respectively.*® From Table. 3, the [CuCl,L1] and
complex [CuCl.L1] display the lowest ionization
potential values therefore showed high electron-
donating ability. The electron acceptor or donor
properties can also explained in term of
electronegativity (y), which representing the
capability of molecules for electrons attraction.*

Conclusion

The new prepared iminoketo metal complexes (1-4)
are characterized by a set of accurate spectroscopic
techniques. Such as FT-IR, UV-Vis, mass spectra
and thermo gravimetric analysis (TGA). Complexes
(1-4) were synthesized by reacting the bidentate
ligands Eq. 2 with different salts (metal chlorides).
Highly air and thermal stable metal complexes
[CoCl,L1], [CuCl,L1], [CoCl;L2] and [CuCl,L2] as
the melting point reached 237-248 °C. This is
thermal stability represent a promising result as these
complexes can be used as a catalyst for different
reactions that required elevated temperatures.
Complexes (1, 2, 3, 4) showed high chemical

Results indicate the complex [CuCl,L 2] display the
highest electronegativity value and high electron
acceptor complex while the complex [CuCl,L1]
show the lowest electronegativity value and high
electron donating complex.

The energy gap (Eg) and the hardness (n) of the
complex follow the same trend. Complexes with low
Ey and n possess low stability and more reactivity.
Results indicate that the complex [CoCl,L2] has the
lowest hardness value (0.009 eV) and more reactive
than the other complexes. Global softness (¢) and
global hardness (1) follows a reversed trend. Hence,
the complex [CoCl;L2] has the highest values of the
chemical softness (54.85 eV) which expected to
show less stability and highest reactivity.

The electronic chemical potential (i) value gives an
idea about the charge transfer within any compound
in its ground state. From the results, the complex
[CuCl;L1] has the highest chemical potential (-
4.535 eV) therefore it is less stable and more reactive
than the other complexes.

stability in ethanol for at least 72 hrs. Theoretical
studies and computational calculations were
conducted for the characterized compounds in order
to investigate the electronic properties and global
reactivity parameters of the studied complexes.
Thus, the density function theory (DFT) studies,
quantum chemical descriptors like chemical
hardness (1), electronic chemical potential (p), and
electronegativity (y) were investigated. Results
indicate the complexes (1-4) display interesting
electronegativity that will open the door for further
chemical reactivities.
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