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Abstract Two new tetradentate oxovanadium(IV) and iron(II) Schiff base complexes have been

prepared by the interaction of vanadyl(IV) and iron(III) acetylacetonate with the ligand obtained

from the reaction of ethylenediamine and 50-(N-methyl-N-phenylaminomethyl)-20-
hydroxyacetophenone in methanol. These complexes have been characterized by means of different

spectroscopic techniques such as UV–visible, FT-IR, mass spectrometry, and elemental analysis. In

addition, thermogravimetric (TG) and differential thermogavemetric analysis (DTG) have been uti-

lized to investigate the thermal stability of these complexes. Results showed that both Schiff base

complexes decompose in five consecutive stages, and a mechanism has been proposed for each stage

of thermal decomposition. Thermogravimetric analysis has been carried out using four different
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heating rates of 5, 10, 15, and 20 �C min�1, and the kinetic parameters of these complexes have been

calculated using the Kissinger method. Cyclic voltammetry has been employed to examine the elec-

trochemical behavior of the two synthesized complexes in dimethyl sulfoxide (DMSO) at a glassy

carbon electrode. Each of these complexes displayed one quasi-reversible single electron transfer

peak near 0.255 V vs. saturated calomel electrode (SCE) for the V(V)–V(IV) couple and near

�0.690 V vs. SCE for the Fe(III)–Fe(II) redox couples, respectively. Finally, the antioxidant activity

of the newly prepared complexes has been investigated using the 2,2-diphenyl-1-picrylhydrazyle

(DPPH) free radical scavenging assay. Results revealed that the oxovanadium Schiff base complex

exhibits good antioxidant activity.

� 2021 Published by Elsevier B.V. on behalf of King Saud University. This is an open access article under

the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

Owing to their interesting physical and chemical properties,

Schiff bases continue to play a significant role in coordination
chemistry, and to attract the attention of scientists. The first
synthesis of a Schiff base was reported by Hugo Schiff

(Schiff, 1869) over a century ago. These compounds are
formed by reaction of an aldehyde or ketone with a primary
amine. This reaction leads to the formation of an azomethine
group (ACH‚N) or imine function. Recently, this class of

materials has attracted researchers and manufacturers for their
numerous applications such as catalysis (Vairalakshmi and
Princess, 2019), electrocatalysis (Ourari et al., 2012), detection

of biomolecules (Gorczyński et al., 2016), and in several forms
of drugs in pharmacology (Murtaza et al., 2014), among
others.

In inorganic chemistry, Schiff base ligands have been con-
siderably developed and considered as the main chelating
agents with most of transition metal ions (Aggoun et al.,

2017), due to their stabilization in different oxidation states
(Bagherzadeh and Amini, 2010; Asadi et al., 2015). In particu-
lar, salen ligands, with NNOO donor sites, are known for their
simple preparation, and for coordination to transition metals

in their various electronic configurations (Ouennoughi et al.,
2017).

Materials derived from Schiff base ligands after coordina-

tion with transition metals of the first series, such as V, Cr,
Mn, Fe, Co, Ni, Cu, and Zn, have potential applications in
the pharmaceutical and medicinal fields (Al-Obiadi, 2012;

Manjula and Arul, 2013; De Fátima et al., 2018). Structural
variety of these compounds can be very useful for their bioac-
tivity including control of anti-inflammatory response, allergic

inhibitors, analgesic, and antioxidant activity among others
(Ramadhan et al., 2016; Prakach and Adhikari, 2011;
Miloud et al., 2020; Abd El-Halim et al., 2017; Al Zoubi
et al., 2017; Elsayed et al., 2017). In addition, knowledge of

the electrochemical behavior of these Schiff base complexes
in different media is necessary for their different applications
(Sungh et al., 2017). The efficiency of these compounds in bio-

logical and industrial processes, has stimulated research in the
coordination chemistry of oxovanadium complexes and
attracted the attention of researchers (Maurya et al., 2015).

In this regard, oxovanadium Schiff base complexes have been
found to exhibit bioactivities such as enzyme inhibition
(Mahroof-Tahir et al., 2005), insulin mimetic (Melchior
et al., 1999), and anti-amoebic (Maurya et al., 2003). In addi-

tion, these complexes exert antibacterial (Mahalakshmi and
Rajavel, 2014), anti-inflammatory (Shukla and Mishra,
2019), and anticancer properties (Abd El-Rahman et al.,

2020), and could be useful in catalysis (Rayati and Ashouri,
2012), and for pharmacological applications (Pawar et al.,
2013).

As for the chemical coordination of iron with this type of

Schiff base ligands, the growing interest for the new synthe-
sized complexes is preferred due to the presence of this element
in several biological systems (Surati and Sathe, 2016). On the

other hand, and besides their function as model compounds
for catalytic systems (Ghazizadeh et al., 2017), like iron Schiff
base complexes, which display interesting active nonlinear

optical (NLO) chromophores (Elmali et al., 2005), iron com-
plexes act synergistically to increase the biological activities
and simultaneously decrease the cytotoxic effects (Hassan
et al., 2020). Iron complexes exhibit numerous interesting bio-

logical activities including as antibacterial (Abd El-Rahman
et al., 2017), antimicrobial (Abd El-Halim et al., 2017), anti-
fungal (Abdallah et al., 2010; Miloud et al., 2020), antioxidant,

(Pramanik et al., 2015), antitumor activity (Shi et al., 2020),
and anticancer (Uddin et al., 2020). Additionally, iron com-
plexes are currently known to be as good models for catechol

oxidase mimicking activity (Basak et al., 2018).
Furthermore, this class of compounds has a potential cat-

alytic activity in reactions such as epoxidation of alkenes and

oxidation of alcohols and sulfides (Jacob et al., 1989; Rani
and Bhat, 2010; Bagherzadeh and Amini, 2009). Thus, the syn-
thesis of new symmetrical tetradentate Schiff base complexes
remains the target of several recent research, which encouraged

us to continue our previous work on the synthesis and charac-
terization of the Schiff base complexes of nickel (II) and cobalt
(II) (Ourari et al., 2014, 2015). Based on the preceding discus-

sion, we report, herein, the synthesis, characterization, electro-
chemical, thermal behavior, and antioxidant activity of two
new Schiff base complexes of oxovanadium(IV) and iron(II)

(Scheme 1).

2. Experimental

2.1. Materials and reagents

All reagents and chemicals used throughout this work were
obtained from commercial sources, and were used without fur-
ther purification. Solvents such as dichloromethane (DCM),
methanol (MeOH), acetonitrile (CH3CN), dimethylformamide

(DMF), and dimethyl sulfoxide (DMSO) were of analytical
grade and were purchased from Sigma-Aldrich.

http://creativecommons.org/licenses/by-nc-nd/4.0/


Scheme 1 Synthesis of Schiff base complexes of oxovanadium(IV) and iron(II).
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2.2. Instrumentation and measurement

Purity of the iron and oxovanadium complexes was checked by
means of thin-layer chromatography (TLC). Elemental analy-

ses were acquired with a Euro EA3000 CHNS-O elemental
analyzer (Milian, Italy). Infrared spectra, as KBr disks, of
the complexes were recorded with a Perkin-Elmer 1000 spec-

trophotometer in the range of 400–4000 cm�1, whereas elec-
tronic spectra were obtained with a UNICAM UV � 300
instrument with DMSO solutions (1-cm cell) using quartz cuv-

ettes. High-resolution mass spectra (HRMS) were acquired by
electrospray ionization-mass spectrometry (ESI-MS) with the
aid of a Bruker APEX-2 instrument. Thermal stabilities (TG
and DTG) of the prepared complexes were studied with the

aid of a TA Instruments TGA Q500 thermal analyzer in a
dynamic mode. Heating was performed under dry nitrogen
atmosphere purging at a flow rate of 60 mL min�1 in the tem-

perature range of 20–950 �C; samples were subjected to
dynamic thermogravimetric experiments at heating rates of
5, 10, 15, and 20 �C min�1. Cyclic voltammetry experiments

were carried out in a one-compartment (undivided) cell using
a Voltalab 40 (PGZ 301) potentiostat-galvanostat, equipped
with a PC with Volta Master 4 software. We used a circular
planar glassy carbon working electrode with a 3.0-mm in

diameter, whereas a coil of platinum wire served as the auxil-
iary (counter) electrode. Dimethyl sulfoxide, dimethylfor-
mamide, dichloromethane and acetonitrile were employed as

solvents, and tetra-n-butylammonium perchlorate (TBAP) as
a supporting electrolyte. All potentials cited in this paper are
given with respect to the saturated calomel electrode (SCE).

2.3. Procedure for testing antioxidant activity

Antioxidant activity of the Schiff base ligand H2L, the

oxovanadium (IV) (VO(IV)L) (2), and iron(II) Fe(II)L (3)
complexes was studied in a solution of 2,2-diphenyl-1-
picrylhydrazyle (DPPH) using UV–vis spectrometry according
to a published procedure (Blois, 1958). Briefly, 0.5 mL of

0.1 mM DPPH solution prepared in methanol was added to
1.5 mL of each solution of the samples at different concentra-
tions. The mixture was stirred and left at room temperature for

30 min. The decrease in absorbance was measured at 517 nm.
A lower absorbance of the reaction mixture indicates increased
free radical scavenging activity. We calculated the percentage

of the DPPH free radical scavenging activity using the follow-
ing equation:

DPPH scanvenging activity ¼ Abscontrol �Abssample

Abscontrol

� �
� 100

where Abscontrol and Abssample are the absorbance at 517 nm of

DPPH radical without and with tested compounds, respec-
tively. IC50, which is the concentration of the compounds for
trapping DPPH radicals at 50%, was determined by extrapo-

lation from the plot of the DPPH trapping activity as a func-
tion of the concentration of the compound.

2.4. Synthesis of oxovanadium(IV) and iron(II) complexes

The NNOO tetradentate Schiff base ligand H2L (1) was syn-
thesized according to the method described in a previous paper
(Ourari et al., 2014). Synthesis of the VO(IV) and Fe(II) com-

plexes, 2 and 3, was accomplished by reaction of each of the
two metal salts of acetylacetonate (V and Fe) with the ligand
in a 1:1 M ratio according to the following procedure: For

2, a solution of 0.265 g (1.0 mmol) of vanadyl(IV) acetylaceto-
nate in 20 mL of methanol was added dropwise to a methanol
solution (20 mL) of 0.534 g (1.0 mmol) of 1, the stirred mixture

was refluxed for 5 h, and the reaction progress was monitored
by using thin-layer chromatography (TLC). After the comple-
tion of reaction, the green precipitates was filtered, washed
with diethyl ether, and dried in vacuum to afford 0.234 g of

the vanadium complex 2 (54% yield). The same exact proce-
dure was employed for the synthesis of 3; for this, 0.534 g
(1.0 mmol) of 1 in 20 mL of methanol, and 0.284 g (1.0 mmol)

of Fe(III) acetylacetonate in 20 mL of methanol were used. At
the end of the reaction, the brown complex 3 (0.284 g, 48%)
was obtained. For VO(IV)L (2): Anal. Calc. for C34H36N4O3-

V (M = 599.61 g mol�1): C 68.10; H 6.05; N 9.34, Found: C
68.22; H 5.70; N 10.38%. UV–Vis. (DMSO): kmax1 (313 nm),
and kmax2 (412 nm). FT � IR (KBr pellet, cm�1): 2800–3120

(w, CAH aliphatic and aromatic), 1593 (s, C‚N), 1293 (m,
CAO), 934 (m, V‚O), 530 (m, VAO), 431 (m, VAN). HRMS

(ESI) m/z: calcd. for C34H36N4O3V [M]+ 599.22270, found
599.22224. For Fe(II)L (3): Anal. Calc. for C34H36N4O2Fe

(M = 588.52 g mol�1): C 69.39; H 6.17; N 9.52 Found: C
68.65; H 6.18; N 9.11%. UV–Vis. (DMSO): kmax1 (307 nm),



4 N. Maghraoui et al.
kmax2 (419 nm) and kmax3 (500 nm). FT–IR (KBr pellet, cm�1):
2800–3100 (w, CAH aliphatic and aromatic), 1597 (s, C‚N),
1236 (m, CAO), 512 (m, FeAO), 415 (m, FeAN). HRMS (ESI)

m/z: calcd. for C34H36N4O2Fe [M]+ 588.21877, found
588.21866.

3. Results and discussion

3.1. Chemistry

Synthesis of the Schiff base ligand was carried out according to
a previously published procedure that involved condensation

of 50-(N-methyl-N-phenylaminomethyl)-20-hydroxyacetophe
none with ethylenediamine (Ourari et al., 2014). Treatment
of vanadyl(IV) and iron(III) acetylacetonate with an equivalent

quantity of the Schiff base ligand H2L, in refluxing methanol,
led to the formation of the corresponding Schiff base com-
plexes VO(IV)L (2) and Fe(II)L (3) as shown in Scheme 1. Pre-
pared complexes are stable in air, insoluble in water, but easily

soluble in DMF and DMSO. Structures of these complexes
have been confirmed by several spectroscopic techniques
including UV–Vis, FT–IR, and mass spectrometry, and by ele-

mental analysis; mass spectra of the synthesized complexes are
in complete agreement with the assigned structures and showed
the expected molecular ions (M+) as suggested by their

molecular formulas. In addition, obtained values in elemental
analysis are in good agreement with those calculated.

3.2. Spectral studies

3.2.1. UV–Vis and IR spectroscopies

The electronic absorption spectrum of the Schiff base com-

plexes of iron (II) (Fig. 1A) and oxovanadium (IV) (Fig. 1B)
were recorded at room temperature in 10�5 M DMSO solu-
tions in the ranges of 270–750 nm and 280–800 nm, respec-

tively. Oxovanadium and iron Schiff base complexes
displayed absorption bands observed in the UV region at
kmax1 = 307 nm and 313 nm, respectively. We attributed these

bands to n-p* transitions of the azomethine function (Sasmal
et al., 2008). The Schiff base complexes of oxovanadium and
iron exhibit absorption bands at kmax1 = 307 nm and
Fig. 1 The UV � Vis spectra (A and B in 10�5 M in DMSO) and

IR spectra (C and D) of the Fe(II)L and VO(IV)L complexes,

respectively.
313 nm, respectively. Charge transfer bands were also observed
in the electronic spectra of 2 and 3 at kmax2 of 419 nm and
412 nm, respectively. These bands correspond to the ligand-

to-metal charge transfer (LMCT) in 2, and to metal-to-
ligand charge transfer (MLCT) in 3 (Han et al., 2012). In the
case of 2, the shoulder, which appeared at around 389 nm,

can be attributed to the LMCT (Bikas et al., 2013). As for
the iron complex, the weak-energy absorption band observed
at 500 nm is probably due to the d-d transitions, confirming

its coordination with the ligand.
IR spectra of the oxovanadium and iron complexes, shown

in Fig. 2, exhibit several absorption bands in the region of 400–
4000 cm�1, which are in good agreement with their proposed

structures. These spectra show several weak bands for the aro-
matic and aliphatic CAH stretching vibration in the region
2800–3100 cm�1. Comparison of the spectroscopic data of

the two complexes with those of the Schiff base itself (Ourari
et al., 2014) showed a shift in stretching frequencies of the
C‚N bond from 1616 to 1597 cm�1 for 2 and 1593 cm�1

for 3, thus, confirming complexation with the metal ions. This
bathochromic shift could be due to the formation of metal-
ligand bonds through coordination of oxygen and nitrogen

atoms with the metal center, because of the increase in electron
delocalization through the newly coordinated metal center
(Conley, 1966). Strong absorptions bands in the 1300–
1450 cm�1 region are attributed to the C‚C aromatic stretch-

ing. In addition, the absorption band ʋ(C-O) moved towards
higher wavenumbers (1293 and 1236 cm�1) for 2 and 3, respec-
tively, indicating coordination of these two metals with the

ligand. Furthermore, new weak bands at 530 and 431 cm�1

are assigned to VAN and VAO in 2, whereas the weak bands
at 512 and 415 cm�1 are attributed, respectively, to FeAN and

FeAO in 3, which is in agreement with the literature (Percy and
Thornton, 1972). Furthermore, in the IR spectrum of 2, the m
(V‚O) is also observed at 934 cm�1, the presence of this band

in this region is in agreement with similar vanadium Schiff base
complexes (Kolawole and Patel, 1981; Lu et al., 2011).

3.2.2. Mass spectrometry

A FAB- mass spectrum of the synthesized complexes and their
main fragments are given in Fig. 3, whereas the fragmentation
pattern is displayed in Scheme 2. For the oxovanadium com-
plex 2, in addition to the main signal corresponding to the

molecular weight of the complex, which appeared at
599.2224, we observe the following major signals whose attri-
butes are illustrated in Scheme 2. The peak at m/z: 493.1573

is attributed to C27H28N3O3V
�+ with the loss of the N-

methylaniline group, while the peak at 193.5456 is ascribed
to the deprotonated fragment C14H11N

�+. The fragment of

m/z 135.0807 could be due to the fragment (C7H7
�+ + 2Na).

For the iron(II) complex 3, the signal at m/z 588.2168 is char-
acteristic of the molecular ion [M]+. In addition, another sig-

nal at m/z: 482.1511 could probably correspond to the formula
of C27H28N3O2Fe

�+. The presence of a fragment at m/z:
1177.4346 suggests the presence of a binuclear form of the
complex (C68H72N8O4Fe2).

3.3. Thermal analysis

To determine the thermal stability of the two prepared com-

plexes 2 and 3, we performed thermogravimetric analysis (both



Fig. 2 IR spectra (A and B) of the Fe(II)L and VO(IV)L complexes, respectively.

Fig. 3 Mass spectra of oxovanadium and iron Schiff base complexes.
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TG and DTG). This analysis plays an important role in the
study of thermal stability of complex metallic Schiff bases.
These experiments were carried out by increasing the tempera-
ture from 50 to 950 �C at a rate of 10 �C min�1 under a nitro-

gen atmosphere. Depicted in Fig. 4 are the TG / DTG
thermograms for the two complexes, which showed weight loss
in the temperature range of up to 150 �C (First step of degra-

dation process), indicating the absence of water molecules in
the two materials (Anthonysamy and Balasubramanian,
2005). For the oxovanadium complex 2, the thermograms

TG and DTG reveal five different stages of decomposition
(Yaul et al., 2013). TG curve indicates a mass loss of 9.75%
(calculated 10.02%) between 75 and 150 �C attributed to the
loss of the four methyl groups present in the structure of this

complex, and the maximum weight loss occurs at 135 �C as
shown by the corresponding DTG thermograms. In the tem-
perature range of 150–190 �C, a mass loss of 14.95% (calcu-
lated 15.19%), (DTG peak observed at 166 �C) which
corresponds to elimination of the aniline group (C6H5N) was
observed. The same group (C6H5N) was eliminated in the third

stage of decomposition in the temperature range of 190–
330 �C, with a DTG peak observed at 237 �C.

The complex undergoes further decomposition in the range

of 330–510 �C with a mass loss of 4.45% (calculated 4.67%),
and with a DTG peak observed at 425 �C, which could be
assigned to the loss of two methylene groups (2CH2). The last

step in the temperature range from 510 to 940 �C was charac-
terized by a mass loss of 12.61% (calculated 13.35%). The
coordinated moiety C4H4N2 is eliminated at 695 �C according
to the DTG peak, leading to the final residue of 56.63% (cal-

culated 58.42%), which can probably be attributed to the
removal of the stable vanadium monoxide accompanied by



Scheme 2 Proposed fragmentation of Fe(II)L and VO(IV)L complexes.
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two phenolate groups (Asadi et al., 2015; El-Shafiy and Shebl,
2019).

Thermograms (TG) of the iron complex 3 also show five

stages of decomposition. The first stage was observed in the
temperature range of 75–185 �C, and accompanied by a mass
loss of 9.67% (calc. 10.21%). This step is characterized by a

peak at 150 �C in the DTG, which can be attributed to the loss
of four methyl groups of the ligand as shown in Scheme 3. In
the temperature range of 185–330 �C, the complex loses two
phenyl groups as indicated by a mass loss of 25.95% (calc.

26.20%); a DTG peak at 240 �C. characterizes this step. The
third stage occurs in the temperature range of 330–525 �C with
a DTG peak observed at 476 �C, corresponds to a mass loss of

9.68% (calc. 9.52%); this can be attributed to the removal of
the C2H4N2 group. This stage was followed by a mass loss
of 12.51% (calculated 13.60%) in the range 525–660 �C, with
a DTG peak at 610 �C, due to loss of C4H4N2. The last step
was observed in the temperature range of 660–940 �C, and
accompanied by a mass loss of 14.95% (calculated 15.19%),

attributed to the elimination of an oxygen atom, leading to a
stable residue of FeO with two phenyl groups (Zayed et al.,
2014).

3.4. Kinetic studies

Based on the thermogravimetric results, we carried out a
kinetic study using four heating rates: 5, 10, 15, and 20 �C
min�1;and the corresponding TG/DTG curves are shown in
Fig. 5 (A, B, C, and D). The kinetic thermal decomposition
parameters of the two prepared complexes (the activation
energy E, and the pre-exponential factor A) are calculated

using the Kissinger method according to the following equa-
tion (Kissinger, 1957):

ln
b

T2
max

� �
¼ �ln

E

RTmax

� �
þ ln nð1� apÞn�1

h i� �

� E

RTmax

ð1Þ

where bis the heating rate (�C min�1), a is the conversion
which is equal to (1 – w/w0), w/w0 is the mass loss in %, w0

and w are the mass of the material at the time zero and t,
respectively, and Tmax, is the temperature that corresponds
to the maximum of da/dT. This kinetic method provides a sin-

gle E value for each reaction step. The plot of ln b=T2
max

� �
ver-

sus 1=Tmaxð Þgives a straight line with a slope equal to �E/R as

shown in Fig. 6 (A and B). Listed in Table 1 are the obtained
activation energies E, and the pre-exponential factors A of
each step.

3.5. Cyclic voltammetric behavior of 2 and 3

Electrochemical measurements such as the anodic (Epa) or
cathodic (Epc) peak potentials, the potential difference (DEp =

Epa � Epc), and the half-wave potential E1/2 of a reversible
redox process carried out in dimethyl sulfoxide (DMSO). In
this context, the cyclic voltammetric behavior of the



Fig. 4 TG (A, B) and DTG (C, D) thermograms of VO(IV)L and Fe(II)L complexes performed at 10 �C min�1 under nitrogen

atmosphere.
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Schiff-base complexes 2 and 3 at a glassy carbon electrode
(GC), using tetra-n-buthylammonium perchlorate (TBAP) in

DMSO was investigated. Displayed in Fig. 7A and Fig. 8A,
are cyclic voltammograms recorded at a scan rate of 100 mV s�1

for reduction of 1.0 mM solutions of the complexes 2 and 3 in

oxygen-free DMSO containing 0.10 M of TBAP at freshly pol-
ished glassy carbon electrodes. These cyclic voltammograms
were recorded in the potential ranges from 0.0 to +0.60 V
and from �0.30 to �1.00 V versus SCE for 2 and 3, respec-

tively. The important characteristics of the cyclic voltammo-
gram of 2 is the reversible V(V)–V(IV) redox couple (Kianfar
and Mohebbi, 2007) with a cathodic peak potential (Epc) of

+0.211 V, an anodic peak potential (Epa) of +0.291 V, and
a peak separation (DEp = Epa � Epc) of 80 mV, and the ratio
between anodic and cathodic currents (ipa and ipc) is close to

one. The half-wave potential (E1/2) calculated as the average
of the cathodic (Epc) and anodic (Epa) peak potentials is
0.251 V vs. SCE.

We have investigated the effect of scan rate on electrochemi-

cal behavior of 2 with emphasis on the reversible V(V)–V(IV)
redox couple (Fig. 7B). Results listed in Table 2 reveal that as
the scan rate (v) was increased from 100 to 500 mV s�1, the peak

separation (DEp) became larger, as expected, increasing from 80
to 110 mV, and the ratio of ipa/ipc currents is close to 1,
indicating reversibility of the studied system. In addition, a

plot of the cathodic peak current (Ipc) versus v1/2 was linear
(Fig. 7C), revealing that reduction of 2 is a diffusion-controlled
process.
For the iron Schiff base complex 3, the cyclic voltammo-
gram showed a cathodic peak at �0.788 V and an anodic peak

at �0.595 mV vs. SCE, which is characteristic of the redox
couple Fe (III)/Fe (II) (Fig. 8A). The quasi reversibility of
the redox couple Fe(III)/Fe(II) is confirmed by the large differ-

ence between the anodic and cathodic potentials (DEp = Epa-
�Epc), which is greater than 100 mV expected for a transfer of
an electron in the reversible system. The cyclic voltammetric
behavior was also studied at different scan rates (Fig. 8B);

results showed that as the scan rate increases, the anodic and
cathodic currents increase. In addition, plots of each of the
cathodic peak current (Ipc) and the anodic current (Ipa) versus

v1/2 was linear (Fig. 8C), revealing that reduction of 3 is a
diffusion-controlled process.

3.6. Antioxidant activity

3.6.1. Structure/antioxidant activity relationship

In all selected studies reported in the literature, DPPH was
selected as free radical because of its ability to be reduced
either by a one-electron or by hydrogen atom. Results by

Bajju et al. (2019) indicated antioxidant activity of oxovana-
dium(IV) porphyrin complexes with IC50 values between 25
and 40 lg/m. This could be explained by the presence of sali-

cylate and sulfosalicylate groups as an axial ligand in their
structures. Moreover, the presence of halides in the structures
of the Schiff bases, described by Warad et al. (2020), clearly

explained the higher antioxidant activity for these kinds of



Scheme 3 Decomposition steps with mass loss for the two-oxovanadium and iron complexes obtained from the TG/DTG experiments

carried out at 10 �C min�1 under a nitrogen atmosphere.
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compounds. In addition, the 5-methylpinobanksin ether
reported by Rivero-Cruz et al. (2020) showed weaker antioxi-

dant activity compared to other flavonoids. Analysis of their
chemical structures was attributed to this weak antioxidant
activity of methylated flavonoids.

On the other hand, an iron(III) complex of a Schiff base
synthesized from 2,6-diacetylpyridine and glucosamine was
investigated by Khalf-Alla et al. (2019). Results indicated that

this complex, abbreviated as [Fe(dapGH2) (H2O)2]
3+ (See

Table 3), exhibits high IC50 value, which was found to be
394.3 lg/mL. This result is explained on the basis of hydrogen
atom donation. In conclusion, examination of the main results

of the literature showed that the antioxidant activity increases
as phenyl groups are introduced in the structures of these com-
plexes. Inversely, substitution of halides groups in the struc-

tures of these kinds of compounds and the nature of the
metal ions caused a decrease in the antioxidant activity. Dis-
played in Table 3 is a list of biological studies carried out by

some authors focusing their works on the antioxidant activity
using DPPH method. This approach allows comparison of our
results with those reported in the literature as shown in Table 3.
Our results show that IC50 values of VO(IV)L, H2L, and Fe(II)
L are 31.8, 373.0, and 473.6, respectively; these values are sig-
nificantly higher than those taken from the literature (See

Table 3).

3.6.2. Antioxidant activity of H2L, VO(IV)L, and Fe(II)L

We measured the ability of the synthesized complexes 2 and 3,

along with the Schiff base H2L to donate a hydrogen atom or
an electron based on the bleaching of the purple-colored
methanol solution of DPPH. DPPH radical absorbs at

517 nm and used as a substrate to evaluate the antioxidant
activity. DPPH is frequently used to detect the radical scaveng-
ing activity of natural extracts or synthesized compounds due

to its stability as a free purple colored radical with an odd elec-
tron. In this assay, the color of DPPH disappears when it
reacts with an antioxidant. Therefore, the free radical scaveng-

ing capacity of the Schiff base ligand and its oxovanadium and
iron complexes has been evaluated using this method against
ascorbic acid as a positive standard. In these antioxidant tests,
the higher activity leads to a lower IC50 value; IC50 values for

H2L, VO(IV)L, and Fe(II)L were 373.0, 31.8, and, 473.6 mg/
mL, respectively. Shown in Fig. 9 and Fig. 10 are results
related to the inhibitory effects of the Schiff base and its VO



Fig. 5 TG, DTG thermograms of VO(IV)L (A, B) and Fe(II)L (C, D) complexes performed at different heating rates of 5, 10, 15 and

20 �C min�1 under nitrogen atmosphere.

Fig. 6 Kissinger’s plots of VO(IV)L (A) and Fe(II)L (B) Schiff base complexes performed at different heating rates of 5, 10, 15, and

20 �C min�1 under nitrogen atmosphere.
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(IV)L and Fe(II)L complexes on DPPH. Results revealed that
the complex 2 exhibits good activity as a free-radical scavenger

in comparison with 1 itself (Pramanik et al., 2015). Our find-
ings show that the prepared compounds exhibit moderate to
good antioxidant activities compared to those of the literature

(See Table 3). The presence of coordinated metal ions changes
the structure of the Schiff base, which affects the antioxidant
activity. Furthermore, it is possible to draw a conclusion on
the relationship between the antioxidant activity and the func-

tional groups present in the complexes. In this respect, sub-
stituents in the Schiff base have a great influence on the
activity of these compounds (Cheng et al., 2010). Additionally,

the antioxidant activity increase by the number of phenyl
groups in the complexes (Ghanbari et al., 2014).



Table 1 Kinetic parameters derived from the Kissinger’s method.

Samples Tmax/�C Kissinger

5 10 15 20 E/ (kJ mol�1) A/s�1 R2/ %

VO(IV)L 136

166

238

425

692

142

170

250

439

708

144

174

252

449

725

148

176

259

456

734

149 ± 15

247 ± 14

143 ± 15

166 ± 20

242 ± 19

7.0 � 1018

1.7 � 1029

1.4 � 1014

6.1 � 108

2.0 � 109

98.07

99.41

97.75

97.18

98.73

Fe(II)L 147

231

457

598

692

151

242

475

613

708

156

247

484

624

718

158

253

490

629

724

173 ± 20

127 ± 5

162 ± 9

267 ± 13

320 ± 3

1.6 � 1021

5.0 � 109

1.9 � 109

2.2 � 1012

4.3 � 1019

97.38

99.70

99.52

99.53

99.99

Fig. 7 (A) Cyclic voltammograms recorded at 100 mV s�1 for reduction of a 1.0 mM solution of the V(V)/V(IV) redox system with a

freshly polished glassy carbon electrode) in oxygen-free DMSO containing 0.10 M TBAP. Scan goes from 0.0 to 0.60 to 0.0 V vs. SCE. (B)

Cyclic voltammograms of the same solution recoded at different scan rates ranging from 100 to 500 mV s�1. (C) Plots of anodic (ipa) and

cathodic (ipc) peak currents versus square root of the scan rate (m1/2).
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4. Conclusions

In summary, we have synthesized two new oxovanadium and
iron complexes of the tetradentate N2O2 type Schiff base
ligand 2,20-((1E,10E)-(ethane-1,2-diylbis(azanylylidene))bis(eth
an-1-yl-1-ylidene))bis(4-((methyl(phenyl)amino)-methyl)phenol)
through reaction with vanadium and iron salts. Structures of
these complexes have been determined with the aid of UV–
Vis, infrared, and mass spectrometry, and by elemental analy-

sis. The thermal behavior of the two Schiff base complexes of
oxovanadium and iron has been investigated by means of
TGA and a mechanism of the thermal decomposition has been

suggested. In addition, cyclic voltammetry at a glassy carbon
cathode in DMSO indicated that each of these complexes exhi-
bits a quasi-reversible wave. Finally, the newly prepared com-

plexes exhibited a moderate to good free radical scavenging



Table 2 Electrochemical data of oxovanadium(IV) and iron(II) Schiff base complexes at different scan rates.

Samples Scan rate/(mV s�1) Epa/mV Epc/mV ipa/(mA cm�2) ipc/(mA cm�2) DEp/mV E1/2/mV ipa/ipc

VO(IV)L 100 291 211 30 �28 80 251 1.04

200 295 209 43 �39 86 252 1.08

300 300 207 52 �47 93 254 1.10

400 306 204 59 �54 102 255 1.08

500 312 202 66 �59 110 257 1.11

Fe(II)L 100 �596 �788 2 �2 192 692 0.87

200 �568 �813 2 �3 245 691 0.73

300 �548 �831 3 �3 283 690 0.82

400 �534 �849 3 �4 315 692 0.86

500 �526 �864 3 �4 338 695 0.87

Fig. 8 (A) Cyclic voltammograms recorded at 100 mV s�1 for reduction of a 1.0 mM solution of the Fe(III)/Fe(II) redox system with a

freshly polished glassy carbon electrode) in oxygen-free DMSO containing 0.10 M TBAP. Scan goes from �0.30 to �1.00 V versus SCE.

(B) Cyclic voltammograms of the same solution recoded at different scan rates ranging from 100 to 500 mV s�1. (C) Plots of anodic (ipa)

and cathodic (ipc) peak currents versus square root of the scan rate (m1/2).
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activity, thus they exhibited antioxidant activity. Biological
activity has been compared to other structurally related com-

pounds and explanations along with Structure-activity rela-
tionships have been provided,
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Table 3 Comparison of the IC50 (mg/mL) of H2L, VO(IV)L,

and Fe(II)L with some other studies.

Compounds/Type IC50

(mg/
mL)

References

2-(piperazin-1-yl)-N-(thiophen-2-

ylmethylene)-ethanamine/Schiff base

ligand.

12.58 (Warad et al.,

2020)

N-(1-(5-chlorothiophen-2-yl)

ethylidene)-2-(piperazin-1-yl)ethan

amine/Schiff base ligand.

5.15 (Warad et al.,

2020)

5-methylpinobanksin ether/Flavonoids 98.4 (Rivero-Cruz

et al., 2020)

Oxovanadium(IV)tetra

(4methoxyphenyl)porphyrinsalicylate

or -sulphosalicylate/Oxovanadium

complex

25.0

and

40.0

(Bajju et al.,

2019)

[Fe (dapGH2)(H2O)2]
3+/Iron complex 394.3 (Khalf-Alla

et al., 2019)

H2L/Schiff base ligand 373.0 This work

VO(IV)L/Oxovanadium complex 31.8 This work

Fe(II)L/Iron complex 473.6 This work

Fig. 9 DPPH radical-scavenging activities of H2L, VO(IV)L,

and Fe(II)L.

Fig. 10 IC50 inhibitory concentration of ligand and its oxo-

vanadium and iron complexes for 50% of DPPH radical.
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