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Abstract A series of metal ion complexes was prepared in solid state from Cu(II), Hg(II) and

UO2(II) ions with 3-oxo-3-(2-(2-oxoindolin-3-ylidene)hydrazineyl)-N-phenylpropanamide (H3L)

ligand through solvent free synthesis methodology. The chemical formulae of the new compounds

were estimated according to variable spectral and analytical investigations. The ligand exhibited a

neutral or mononegative tetradentate mode of coordination towards the central ions inside the

octahedral arrangement that proposed for the three complexes. The DFT/B3LYP method was

applied under different basis sets (6-31G*or SDD) to optimize the structures of new compounds

except the UO2(II) complex. The computational data were investigated to verify the binding mode

that suggested spectrally. Moreover, studies in solution regarding Cu(II) ion via cyclic voltammetry

were performed in absence or presence of H3L, to realize the significant effect of complex formation

on the electrochemical manners of copper. The shifts in the potential peaks accompanied by the

changes in the values of parameters correspond to kinetic and thermodynamic. Also, the solvation
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and kinetic characteristics for the cathodic and anodic potential of Cu(II) ion in absence or presence

of H3L at different scan rates, were estimated. Finally, the ligand and copper ion exhibited high

affinity towards complexation in solution. Furthermore, the activity of the new compounds towards

inhibiting microbes was studied against Staphylococcus aureus (G+) and Escherichia coli (G-) bac-

teria as well as Candida albicans (fungus) by determining the inhibition zone diameter. Also, both

the antioxidant and cytotoxic activity of the isolated compounds were evaluated. Commonly, a

remarkable antimicrobial and anticancer activity was appeared with UO2(II) complex and the

ligand. While, the antioxidant activity of all compounds appeared lower.

� 2021 The Author(s). 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

Schiff base ligands are a popular family of ligands due to their
many useful properties, including their ability to be modified

by adding different donor groups that lead to high flexibility
(Abu-Dief et al., 2021; Atkins et al., 1996). Functional diver-
sity conducts to variable coordination numbers which pro-

vided by these easily available ligands that coordinating to
different metals utilized for complex production. Imines have
encouraged scientists in the domains of magnetochemistry,
bioinorganic chemistry, analytical chemistry, encapsulation,

catalysis, separation, and transport science to create metal
complexes due to their numerous advantages. Such ligands
have good biological properties, and as a result, they’ve been

used in a variety of catalytic, anticancer, and antimicrobial
researches. The main demand in the pharmaceutical industry
is for new pharmacological agents with diverse mechanisms

and low side effects, especially for the treatment of infections
and malignancies. As a result, new sensitizing agents that
can selectively boost the cytotoxicity of chemotherapeutic

medicines to cancer cells must be developed (Sönmez et al.,
2010).

4-aminoantipyrine ligand was utilized in a green approach
to prepare variety of bivalent metal ion complexes that exhib-

ited excellent interaction with DNA (So¨nmez et al., 2010). The
complexes of Cu(II)-Schiff bases were fully characterized and
exhibited higher anti-inflammatory action (Katouah et al.,

2020a,b). Macrocyclic Ni(II) and Co(II) complexes have been
synthesized and successfully employed as CO2-reduction cata-
lysts (Katouah et al., 2019). The ligand synthesized from pro-

pane hydrazide was used to isolate divalent metal ion
complexes by a green method and the majority of the com-
plexes displaying biological activity (Fisher et al., 1980; Al-

Hazmi et al., 2017). The salicylaldehyde derivative was utilized
to isolate Schiff base ligand, which used to obtain Cu(II) and
Ni(II) complexes that fully characterized (Alkhatib et al.,
2020). Green synthesis of Ni(II), Pd(II) and Cu(II) complexes

that derived from Schiff base derivative, were tested for
antibacterial, antioxidant, and anticancer activities, and the
majority of them showed good findings (Morgan et al.,

2017). A series of Co(II), Ni(II) and Cu(II) complexes was
derived from a Schiff base derivative and described before
being utilized as a catalyst in hydrogen peroxide oxidation of

cyclohexane (Shah et al., 2020; Tamami et al., 2015). Antitu-
mor action was observed for new nickel, copper and cobalt
complexes that derived from hydrazide ligand (Antony et al.,
2013). The electrochemical features of nano-sized Cu(II) com-

plex were investigated (Al-Qahtani et al 2012; Munshi et al.,
2021). Also, a green synthesis of copper complex yielded from
Schiff base derivative was achieved and its potentiometric
parameters were estimated (Al-Qahtani et al 2012; Munshi

et al., 2021).
Interestingly to note that, the chemical composition pro-

duced numerous environmental issues, therefore researchers
tried to make their composition as risk-free as possible. As a

result, preparation without the use of a solvent as a green pro-
tocol is a goal that has already been achieved in a number of
publications employing the ball milling technique (So¨nmez

et al., 2010; Fisher et al., 1980; Al-Hazmi et al., 2017). The
reactants (metal salt and ligand) are perfectly grinding in a ball
mill without solvent, resulting in a simple reaction that is first

visible as discoloration away from the starting compounds.
After washing the solid complexes numerous times with a suit-
able solvent, the purity of the complexes was confirmed
(Morgan et al., 2017; Al-Qahtani et al 2012; Munshi et al.,

2021).
We planned to make a new Schiff base derivative based on

all of the studies described and in continuation of our work

(Alzahrani et al 2020; Katouah et al., 2020a,b; Abumelha
et al., 2020). This derivate was characterized and then utilized
to synthesize its Cu(II), Hg(II) and UO2(II) complexes in sol-

vent free. The geometry of each complex was suggested based
on analytical and spectral studies, also confirmed via DFT/
B3LYP method, which utilized for structural optimization.

In addition, some kinetics and solvation parameters were esti-
mated from cyclic voltammograms of Cu(II) complex (i.e.). A
comprehensive biological study was conducted to evaluate the
behavior of new compounds towards microbes, free-radical

sources and carcinoma cell line.

2. Experimental

2.1. Chemicals

The compounds utilized to prepare Schiff base ligand and its
metal ion complexes were 3-hydrazineyl-3-oxo-N-phenylpropa
namide, isatin, Cu(OAc)2�2H2O(98%), UO2(OAc)2�2H2O

(98%) and HgCl2 (99%). Absolute ethanol (EtOH) and
dimethyl sulfoxide (DMSO) solvents employed either for the
ligand synthesis or to dissolve the complexes for analytical

purposes, were spectroscopic in nature. The reagents of 2, 20-
azinobis-(3-ethylbenzthiazoline-6-sulphonic acid)(ABTS) and
L-ascorbic acid which utilized for biological tests were pro-
vided by Sigma-Aldrich. Also, HepG2 cell line was donated

by ATCC’s company which holding biological products and
vaccines (VACSERA) for cytotoxic assay. Notice: all these

http://creativecommons.org/licenses/by-nc-nd/4.0/
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reagents were purchased from Sigma-Aldrich were BDH in
nature.

2.2. Synthesis of the ligand and its metal complexes

In 50 mL absolute ethanol, equal moles (1:1) of 3-hydrazineyl-
3-oxo-N-phenylpropanamide (0.01 mol; 1.93 g) and isatin

(0.01 mol; 1.47 g) were mixed to isolate the ligand. For 3 h,
the reaction mixture was maintained at 80 �C during reflux.
Then after that the mixture was concentrated to reach to the

half volume, and set aside to cool. Filtration was used to
extract the product, which was then recrystallized from EtOH
and dried in vacuum desiccators over anhydrous CaCl2. The

ligand isolated was (E)-3-oxo-N’-(2-oxoindolin-3ylidene)-3-(p
henylamino) propane hydrazide and abbreviated H3L accord-
ing to existence of three labile hydrogen atoms that may be
ionization easily (Scheme 1). Equi-molar ratios from the ligand

(3 mmol, 0.966 g) and each of Cu(OAc)2�2H2O (3 mmol,
0.653 g), UO2(OAc)2�2H2O (3 mmol, 1.272 g) or HgCl2
(3 mmol, 0.815 g) salt were grinded without unpleasant solvent

except few drops of water to aid grinding, only. The time taken
to prepare the Cu(II) complex is smaller (5 min) than that used
with the other complexes (15 min). The acidic smell was
H
N

C

H2
C

C

H
N

N

O O

[Cu(H3L)(OAc)2].H2O

[Cu(CH3COO)2].H2O

H
N

C

H2
C

C

H
N

NH2

O O

R
i

3-hydrazineyl-3-oxo-N-phenylpropanamide

NH

O

[UO2(H2L)(OA

3-oxo-3-(2-(2-oxoindolin-3-ylidene)hydr

Keto-form

HgCl2

H
N

C

H2
C

C

O O

UO

O

H3C

H
N

C

H2
C

C

H
N

N

O O

NH

O

Cu

OAcAcO

12
2

1

3
3

[UO2(CH3COO)2].2H2O

Scheme 1 Synthesis outlines for the
noticed during the synthesis of Hg(II) and UO2(II) complexes,
which denotes the deprotonation of the ligand due to high heat
generated during vigorous grinding inside ball milling. The

first indicator of the reaction is the color of the solid resulted,
which is entirely different from the reactants and thin layer
chromatography(TLC) test confirms the product purity

(Antony et al., 2013; Al-Qahtani et al 2012; Munshi et al.,
2021;). Notice: Table 1, lists some physical and analytical
properties of the new compounds.

2.3. Instrumentation

For clarity, the approaches employed for the analyses are

depicted as images in the supporting materials file
(Scheme S1). Moreover, each device’s description has been
given below, while the implementation conditions will be
reported individually in the discussion section. Complexomet-

ric titration was used to assess the metal content (without ura-
nium), while the gravimetric analysis was used to determine the
chloride content (Vogel et al., 1989). On the other side, after

complete combustion of weighed sample in open air and then
in oven at 800 �C until the organic compound was completely
eflux 2h
n ethanol

N
H

O

O

Isatine

c)]

[Hg(H2L)(H2O)Cl]

azineyl)-N-phenylpropanamide

H
N

C

H2
C

C
N

N

O OH
NH

O

Enol-form

H
N

C

H2
C

C
N

N

O O

NH

O

Hg

ClH2O

N
N

NH

O

O

O

Ball milling
for (5-10) min.

ligand and its metal complexes.



Table 1 Analytical and physical data of H3L and the new complexes.

Compound Empirical Formula (Molecular

mass) Calcd

Color MP

(�C)
Yield

(%)

%Found

(Calcd.)

C H M Cl Km*

H3L C17H14 N4O3

322.320

Yellow 260 85 63.41

(63.35)

4.40

(4.38)

– – –

[UO2(H2L)(OAc)] UC19H15 N4O7

649.436

Reddish-

brown

>300 99 35.16

(35.13)

2.29

(2.33)

36.60

(36.65)

– 4

[Hg(H2L)(H2O)

Cl]

HgC17H14N4O4Cl

574.442

Yellow 290 99 35.60

(35.54)

2.43

(2.46)

34.88

(34.91)

6.14

(6.18)

7

[Cu(H3L)(OAc)2].

H2O

CuC21H24 N4O8

520.885

Brown >300 98 48.39

(48.42)

4.70

(4.64)

12.22

(12.19)

– 9

* In DMSO (ohm-1cm2 mol�1)
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evaporated, the percentage of uranium was calculated from the
residual part weight (U3O8).

2.4. Geometry optimization

Gaussian 09 (Frisch et al., 2009) was deemed the best molecu-

lar modeling application that was used to verify practically
accepted structures for the substances under investigation.
The DFT/B3LYP method that implemented the valent elec-

tron basis set (SDD) (Lee et al., 1988; Li et al., 2016) and
the polarized function within valence double-zeta basis set
(6-31G*), was applied for optimization [Li et al., 2016]. The
SDD was identified as the best core potential basis set for

the Hg(II) complex [Li et al., 2016], while 6-31G* was suffi-
cient for organic ligands and the other complexes, with 6-d-
functions added as polarized functions to 6-31G set. The

DFT was done at B3LYP level (Becke et al 1993) to investigate
both states of ground and excited attributes utilizing Integral
Equation Formalism Variant (IEF-PCM) with a polarizable

continuum model. Using Gauss-View and Gauss-Sum 2.2 pro-
grams, all quantum data was extracted from two exported
computational files, as well as the third that extracted after for-

mulation for chk file on Gauss-prog (fchk) (Dennington et al.,
2007). Finally, we were unable to apply an appropriate basis
set for structural optimization of UO2(II) complex since we
couldn’t discover its computational properties.

2.5. Cyclic voltammetry

This electro-analytical technique was applied for CuCl2 in

solution either in absence or in presence of the ligand. The cell
used is a small beaker containing 0.L M KCl (30 mL) as a sup-
porting electrolyte. A reference electrode, Ag/AgCl/KCl (satu-

rated), the glassy carbon working electrode (GCWE), and
platinum wire as an auxiliary electrode were used. These elec-
trodes were dipped in KCl solution and connected with
potentiostat.

2.6. Biological activity

2.6.1. Antimicrobial and antioxidant assays

The antibacterial activity of the novel compounds was assessed
using agar-well diffusion technique (Hawkey et al., 1994). In

supporting materials, the procedure was described in depth
(Scheme S1).
The success of new compounds to scavenge free radicals
produced via 2, 20-azinobis-(3-ethylbenz thiazoline-6-

sulphonic acid)(ABTS) compound, reflects their antioxidant
efficiency which could being evaluated. This method has been
effectively utilized to test the materials’ ability to combat free

radicals (Re et al., 1999). An outline of the procedure is pre-
sented in Scheme S3 for clarity. The mixtures were stirred, cen-
trifuged, and filtered immediately. Initial absorbance (Acontrol)

measurements at k = 734 nm were used to measure the
strength of the green–blue color developed. As a result, after
dissolving 2 mM of each examined chemical in 50L MeOH/
buffer (1:1; v/v), the absorbance (Atest) was calculated. The

absorbance value was utilized to calculate the actual color
intensity decay, which was then used as antioxidant activity
indicator. [A(control)-A(test)/A(control)]� 100, was the relation

used to calculate the inhibition percentage. The positive con-
trol used was the vitamin C and the ascorbic acid was the stan-
dard drug utilized. The implemented blank was the buffer from

methanol and phosphate (1:1) solution which is free of ABTS
and then the substance being evaluated.

2.6.2. MTT cytotoxicity assay

3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyl tetrazolium bromide
(MTT) approach was applied to examine cancer cell (HepG2)
proliferation (Mosmann et al., 1983; Mohamed et al 2017)

under the influence of new compounds. The reference drug
was 5-fluorouracil which used for comparison with the tested
compounds, and the experimental phases were presented elab-
orately in Scheme S4.

3. Results and discussion

3.1. Analytical features

To explain their chemical formulae, the ligand (H3L) and its

corresponding Cu(II), Hg(II), and UO2(II) complexes, were
physically and chemically studied (Table 1). The new com-
plexes appeared with high stability, non-moisture absorbent,

and high melting points. The non-conducting property of all
complexes was assumed based on the conductivity of 10-3M
(Km, X

-1cm2mol�1) that determined in DMSO solvent (Geary

et al 1971). All complexes were recommended in equal molar
ratios (1 M:1L) based on elemental analysis, which was later
confirmed by EDX analysis (part 3.5).
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3.2. Spectral analysis for Schiff base ligand

The most notable infrared bands of H3L and its complexes are
mentioned in Table 2. The bands found in the IR spectrum of
H3L (Fig. S1) at 1742, 1686, and 1662 cm�1 are attributing to t
(C = O)1, t(C = O)2 and t(C = O)3 (Alharbi et al., 2021)
vibrations, respectively. A weak band at 1078 cm�1 is attribut-
ing to t(N-N) vibration. Sequentially, the vibrations of t
(NH)1, t(NH)2, t(NH)3 and t(CH)aromatic, were appeared at

3200, 3303, 3259, and 3009 cm�1 (Alharbi et al., 2021;
Nakamoto, 1970). The band at 3451 cm�1 may assign to t
(C-OH), which produced via tautomerism of amide groups

(NH-C = O). This feature reveals the mixed presence for the
tautomer forms (keto/enol). Surprisingly, molecular modeling
using DFT/B3LYP approach verifies the comparable stability

of the two forms (keto/enol), implying that their mixed pres-
ence produces equivalent probability of their coordination
(see part 2.7).

The 1H NMR (DMSO d6) spectrum of the ligand displayed
signals supporting its tautomeric forms as follow; d 3.82 (s, 2H,
CH2), 6.94–7.81 (m, 8H, Ar-H), 8.12 (d, J = 7.40 Hz, 1H, Ar-
H), 10.30 (s, 1H, N(2)H), 10.78 (s, 1H, N(3)H), 11.30 (s, 1H, N

(1)H), 12.52 ppm (s, 1H, OH) (Fig. S2). Moreover, the mass
spectrum (Fig. S3) of the ligand displayed the molecular ion
peak for [M].+at m/z = 323.24 (0.87 %), which is comparable

to its molecular weight and corresponds to C17H14N4O3 for-
mula. The fragmentation path of the ligand under influence
of bombarded electrons was suggested in Scheme 2.

In [Cu(H3L)(OAc)2].H2O complex spectrum, H3L functions
as a neutral tetradentate ligand which coordinates via
(C = O)1,(C = O)2, (C = O)3 and azomethine nitrogen
(C = N)azo. The movement of t(C = O)1, t(C = O)2, t
(C = O)3 and t(C = N) to lower wavenumbers aided this
coordination mode (Table 2). The fact that t(NH)1, t(NH)2
and t(NH)3 were shifted to higher wavenumbers, suggests that

they are no longer coordinated. Furthermore, the novel bands
detected at 511 and 459 cm-1can be attributed to t(Cu-O) and
t(Cu-N), respectively (Nakamoto et al., 1970). The Cu(II)

complex has two bands at 1547 and 1344 cm�1, correspond
to acetate group vibrations; ts(O-C-O) and tas(O-C-O). The
monodentate character of the acetate group was indicated

from the difference between those two bands (203 cm�1).
H3L acts as a mononegative tetradentate within [UO2(H2L)

(OAc)] and [Hg(H2L)(H2O)Cl] complexes. The two carbonyl
oxygen [(C = O)1& (C = O)2], the deprotonated enolized car-

bonyl group (C-O-)3 and the azomethine nitrogen (C = N)azo
were the coordinating sites within the two complexes. This
chelation mode is based on the simultaneous development of

new bands at 1632; 1622 and 1011; 1131 cm�1, which are
assigned to t(C = N*)3 and t(C-O)enolic(3) (Alharbi et al.,
2021), respectively, as well as the disappearance of both t
(C = O)3 and t(NH)3 vibrations. Also, this mode was sup-
Table 2 Some IR spectral bands of H3L and its new complexes.

Compound t(NH)1 t(NH)2 t(NH)3 t(C = O)1 t(C

H3L 3200 3303 3259 1742 1686

[UO2(H2L)(OAc)] 3229 3303 – 1679 1650

[Hg(H2L)(H2O)Cl] 3190 3324 – 1713 1660

[Cu(H3L)(OAc)2].H2O 3210 3302 3263 1710 1670
ported by the movement of t(C = O)1, t(C = O)2 and t
(C = N) vibrations to lower wavenumbers. The vibrations
of t(M�O) and t(M�N) (Alharbi et al., 2021) were detected

at 571; 476 and 530; 467 cm�1, respectively. The UO2(II) com-
plex spectrum displayed two bands at 1547 and 1457 cm�1,
which correspond to ts(O-C-O) and tas(O-C-O) vibrations in

acetate groups. The difference between those bands
(90 cm�1) denotes the acetate group’s bidentate nature
(Nakamoto et al., 1970). The lack of (NH)3 and (OH) signals

in the 1H NMR spectra of the two diamagnetic complexes
(UO2(II) & Hg(II)) underlines the deprotonation of enolized
carbonyl oxygen (=C-O-)3 (i.e., Fig. S2). The

1H NMR spec-
trum of Hg(II) complex displayed the following signals; d 3.93

(s, 2H, CH2), 7.13 (d, J = 8.40 Hz, 2H), 7.34 (t, J = 7.20 Hz,
1H), 7.48–7.752 (m, 4H), 7.97 (d, J = 7.80 Hz, 1H), 8.08 (d,
J = 7.80 Hz, 1H), 11.82 (s, 1H, NH) and 11.37 ppm (s, 1H,

NH). Two sharp bands at 856–868 and 540–581 cm-1regions
are attributed to qr(H2O) and qw(H2O) (Nakamoto et al.,
1970) vibrations, respectively, for coordinating water molecule

in Hg(II) complex. Furthermore, the [UO2(H2L)(OAc)] com-
plex’s IR spectrum shows three bands at 920, 870, and
268 cm�1, which correspond to t3, t1 and t4 vibrations of diox-
ouranium ion, respectively. Based on McGlynn et al technique
(McGlynn et al., 1961), the t3 value was utilized to determine
the force constant (F) of t(U = O) from (t3)

2= (1307)2(FU-

O)/14.103. The uranyl complex force constant was then used

to calculate the U-O bond length (by Å) using Jones’s equa-
tion: RU-O = 1.08 (FU-O)

-⅓ +1.17 (McGlynn et al., 1961).
The computed FU-O and RU-O values are 6.987 mdynes Å�1

and 1.735 Å, respectively, which are within the uranyl com-
plexes’ normal range. Thus, the neutral tetradentate mode of
bonding was recorded with Cu(II) ion while the mononegative

tetradentate mode was recorded with UO2(II) or Hg(II) ion.
This may refer to the sizes of Cu(II), Hg(II) and U(VI) ions
as 1.57, 1.02 and 0.66 Å, respectively. So, the metals with smal-

ler sizes (Hg(II) and U(VI)) prefer the covalence attachment
which happened after the ionization of amide group. Also,
the time used for grinding the reactants to synthesize the com-
plexes, effects on the mode of bonding. The long time con-

sumed in grinding to prepare UO2(II) and Hg(II) complexes
leads to high heat that may activate the ionization of the ligand
particularly with presence of anions (acetate, chloride) in the

reaction medium.

3.3. Magnetism, UV–Vis and ESR spectra

The [Cu(H3L)(OAc)2].H2O complex revealed a magnetic
moment value of 2.1B.M., which is consistent with that known
for d9-systems. Also, in tetragonally deformed octahedral
shape, its spectrum (Fig. S4) reveals a band at 21,786 cm�1

and a broad band at 15479 cm�1, which may assign to
2B1g?

2Eg and 2Eg?
2A1g transitions, respectively (Lever et al
= O)2 t(C = O)3 t(C = N) t(C = N*)3 t(C-O)3 t(CH2)

1662 1613 – – 3009

– 1603 1632 1011 2954

– 1606 1622 1131 3083

1648 1593 – – 3018
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1984). The UV–Vis spectrum of [UO2(H2L)(OAc)] complex
reveals two bands at 29,762 and 23148 cm�1, which attributing

to 1R+
g ? 2p u transition in dioxouranium (VI) and n ? p*

charge transfer, respectively (Al-Fahemi et al 2017).
At room temperature, ESR spectrum of Cu(II) complex at

t = 9.435 GHz (Fig. 1) exhibited axially symmetric g factor
with gk >g\>2.0023 which agrees with 2A1g (dX

2 -Y
2 ), as a

ground term for octahedral geometry (Abou-Hussen et al.,

2005; Hathaway et al., 1984). The G factor could being calcu-
lated by using the following expression: G = (gk– 2) / (g\–
2) = 4. The factor G as the exchange interaction parameter

(Welleman et al., 1978), if it is bigger than 4, the exchange
interaction between copper centers in the solid sample is
insignificant, according to Hathaway. But, if it<4, the
exchange interaction between copper centers in the solid sam-

ple is very significant. The computed value (4.6) indicates that
there is no interaction between copper centers in neighboring
molecules. Also, the gk/Ak ratio was 138, which indicates that

the deformed octahedral has a critical distortion for dihedral
angle in xy-plane. The values 2.28, 2.06, and 165 cm�1 were
determined as the g-tensor parameters of gk, g\ and Ak, respec-
tively. The degree of covalence of either in plane r-bonding or
-1500
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Fig. 1 ESR spectrum of [Cu(H3L)(OAc)2].H2O Complex.
in-plane p-bonding between copper ion and the ligand, was
estimated by using known equations (Bagdatil et al., 2017).

The values of a2 and b2 appear to be 0.80 and 0.77, respec-
tively. These values revealed the dominance of ionic property
in Cu(II)-L bonds.

3.4. SEM, XRD and EDX studies

The surface topography of various complexes (Fig. S5) was

studied using accelerated beam of electrons in SEM technique
(Al-Fahemi et al., 2018). As seen, a regular spherical particles
are randomly dispersed between particles produced as frozen

rocks in the surface of UO2(II) and Hg(II) complexes. On
the other side, the Cu(II) complex morphology incorporates
spherical particles in the form of shattered glacial boulders
and micrometer-sized particles.

Cu/Ka derived X-ray diffraction (k = 1.5406) which direc-
ted to investigate the crystal lattice of the Cu(II) complex at
25 �C. The diffraction pattern of the investigated compound

(Fig. 2) was extracted in the range of 10� < 2h < 80�(Khan
et al., 2013). Sharp peaks noticed in the model, reveal a well-
defined crystal structure formed. The crystal size was calcu-

lated using Debye-Scherrier equation [b = 0.94 k/(S cos h)]
based on FWHM (b) for the characteristic peak. The crystal
lattice parameters and particle size had magnitudes of 21.94,

2.062, 0.23, and 530, respectively, corresponding to ho, d
(Ao), FWHM (b) and I. The particle size S (nm) was found
to be 1.47 nm and based on Bragg equation (nk = 2d sin h)
at n = 1, the inner crystal plane d-spacing value was calculated

(1.945 Å).
Using energy-dispersive x-ray microanalysis (Alkhatib et al

20 20), the complex formation was confirmed, and the elemen-

tal mass percentage (wt %) was calculated. An induced radia-
tion (x-ray) was directed towards the solid samples to access
inner shells (K- or L-shell) and interact with resident electrons.

Following this, the electrons are evacuated and then creating
positively charged gaps which can be filled with electrons from
L or M shells. K-series (Ka1, Ka2, or Kb) or L-series was cre-
ated from energy loss according to the shift from upper levels



Fig. 2 XRD pattern of [Cu(H3L)(OAc)2].H2O complex.
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(L or M) to lower level (Ka1, Ka2, or Kb). The L-series, which
is useful in EDX analysis, can be used to get the elemental per-

centage. Each element’s unique electrical structure is repre-
sented by a singlet-set of peaks (Fig. 3). The heavier element
(metal) was employed to express mass percentage (wt%), while
lighter elements (C, H, and O) were not. This identification was

carried out over a long time to improve the signals in a variety
of locations. The elemental molar ratios computed (wt/At%)
matched those obtained from analyses of elements (C, N, O,

Cl & M).

3.5. TGA of Cu(II) complex

In the temperature range of 37–125 �C, the TGA curve of [Cu
(H3L)(OAc)2].H2O complex (Fig. S6) exhibits 3.44 % weight
loss, which corresponds to water of crystallization. The TGA

curve shows 23.08 % weight loss between125 and 258 �C,
which could assign to the elimination of two acetic acid mole-
cules (Rakha et al., 1989). The TGA curve shows a 17.50%
weight loss in the range of 285–430 �C, which may be due to

a weakly bonded moiety (C6H5N). The residual part (CuC11-
H6O3N3) was recorded at 430 �C with weight percentage of
55.98. Such proposed behavior over the TGA curve, confirms

the existence of crystal water molecule and the whole molecu-
lar formula of the complex (Table S1). While, the incomplete
degradation for the complex indicates the stability of coordina-

tion environment surrounds the copper ion.

3.6. Mass spectral analysis

In the lack of chance to isolate x-ray single crystal, the mass

spectral analysis has necessity to confirm the molecular formu-
lae of the new complexes which suggested based on former
studies (Fig. S7). The signals yielded from fragmentation of

the two selected complexes [UO2(II) and Hg(II)] were obtained
over a broad mass range (m/z = 50–1000) under a fixed rate of
heating (40 �C/min) and at 70 ev. The molecular ion peaks of

UO2(II) and Hg(II) complexes were appeared at m/z = 651.83
(calcd. 649.34) and m/z = 558.85 (calcd. 574.44). The molecu-
lar ion peaks agree perfectly with the molecular weights sug-

gested from elemental analysis but with Hg(II) complex the
recorded peak assign to [(M++1) –H2O]
3.7. Structural verification via computations

The DFT/B3LYP approach was used to improve the struc-
tures of the ligand forms (keto/enol) and two of its complexes
[Cu(II) & Hg(II)] using Gaussian 09 software (Frisch et al.,

2009). All compounds were optimized under 6-31G* basis set
except the Hg(II) complex, which was optimized by using the
efficient core potential basis set (SDD) level (Lee et al., 1988;

Li et al., 2016). The best structural forms (Fig. S8), frontier
orbital patterns (Fig. 4), and electrostatic potential (MEP)
were extracted from produced files (Fig. S9).

The optimized geometry of H3L ligand revealed a specific

arrangement for C(8) = O(13), C(10) = O(14), N(12) = C
(15), and C(16) = O(20) groups, which clarifies their great
potential for coordination with metal ions. The charges on

coordinating sites in the ligand-keto form were O(13)(-
0.397459), O(14)(-0.404351), N(12)(-0.162038), and O(20)(-
0.372683) (Al-Qahtani et al., 2021). While, in its enol form,

the values were O(13) (-0.412866), O(14) (-0.553187), N(12)
(-0.352544), and O(20) (-0.352544). The values in the two
forms are near enough to allow for similar coordination
opportunities. In the Cu(II) complex, Mulliken charges on

the coordinating sites are O(13)(-0.47859), O(14)(-0.376319),
N(12)(-0.328716), and O(20)(-0.415370), while in the Hg(II)
complex, the charges are O(13)(-0.371977), O(14)(-0.240669),

N(12)(-0.272094), and O(20)(-0.238556). Except for N(12)
and O(20) atoms in the Cu(II) complex due to M ? L charge
transfer, the charges were essentially lowered from those in the

original keto-form due to their coordination towards the metal
ions. In the keto form, the groups C(8) = O(13), C(10) = O
(14), N(12) = C(15), and C(16) = O(20) have bond lengths

of (1.207883), (1.209620), (1.276331), and (1.228438), respec-
tively. As known, the normal property noticed following the
coordination of groups, is the elongation of their bonds which
already observed in the two complexes.

Furthermore, the formation energy (E, a.u.), dipole
moment (D, Debye), EHOMO (eV), ELUMO (eV), and DE
(ELUMO -EHOMO, eV) for both tautomer forms were calculated

to be �1100.56; 9.294; �0.2198, �0.0981 and �0.123 in the
keto form, while, �1100.49, 5.552, �0.2128, �0.1024 and
�0.110 in the enol form. The formation energy and the energy

gap between frontier orbitals (DE) reflect the comparable sta-



Fig. 3 EDX patterns of(A) UO2(II), (B) Hg(II) and (C) Cu(II)

complexes.
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bility of the two forms (Almalki et al 2021). Also, the keto
form’s large dipole moment aids the coordination, as hap-
pened with Cu(II) and Hg(II) ions. Furthermore, these param-

eters were recovered for the two complexes, with values of
�3197.44, 13.21, �0.1695, �0.1402 and �0.029 in the Cu(II)
complex and �1790.58, 13.39, �0.1669, �0.1463 and �0.021
in the Hg(II) complex, respectively. The Cu(II) complex’s high

dipole moment value underlines its high polarity, expects its
lower lipophilicity or miscibility in living-cell lipids. As a
result, the biological efficiency of the Cu(II) complex may be

ineffective, and the Hg(II) complex, regardless of its features,
its efficiency in biological filed may be less important.

3.7.1. Characteristics of maps on cubic contours

Establishing new contours to obtain 3D-maps of HOMO and
LUMO levels that used to explain the features of electrons dis-
tributed on the functional groups (Fig. 3). In terms of the
ligand tautomer-forms, the two orbitals largely covered the
coordinating centers as O(13), O(14), N(12), and O(20). This

measures the fluency of electronic transitions within the coor-
dinating functional groups. The lower DE values of �0.123
and �0.110 eV in the keto - enol forms, respectively, corrobo-

rated this property (Shaker et al., 2021). Additionally, in Cu
(II) or Hg(II) complex, these two orbitals appeared spread
over the entire molecule (Fig. 4), indicating that the central

atom has an impact on the electronic distribution inside the
compound.

In particular, to identify essential features, the molecular
electrostatic map (MEP) was generated on the molecular sur-

face (Fig. S9). This map distinguishes the zones of nucle-
ophilic, electrophilic, and neutral in the tautomers of the
ligand. So, the nucleophilic behavior of the functional groups

towards the metal ions can be assessed to confirm the binding
mode within the complexes. The colors red, blue, and green,
respectively, appeared on the maps to represent these three

zones. In the keto form, the electrostatic potential range was
�4.114e-2 to 6.914e-2, while in the enol form, it was
�4.413e-2 to 6.413e-2. The red zone was also concentrated

on the majority of coordinating centers [O(13), O(14), and O
(20)] in the two forms. Whereas, in the Cu(II) or Hg(II) com-
plex, this nucleophilic property was improved due to the inclu-
sion of a secondary ligand (acetate or H2O) which rises the

nucleophilicity of the molecule commonly.

3.8. Cyclic voltammetry

The equations used for this study were presented in the sup-
porting materials (part S1), to minimize the similarity percent-
age in the document.

3.8.1. Cyclic voltammetry of copper chloride

3.8.1.1. Redox mechanism and effect of different Cu(II)
concentrations without H3L at 298.15 K. As shown in
Fig. S10, the redox mechanism of CuCl2 in 0.1 M KCl as a
supporting electrolyte and glassy carbon (GC) as a working

electrode was investigated using cyclic voltammetry within
the potential window of 0.8 to �0.8 V and scan rate of
0.1 V/sec at 298.15 K. The emergence of two cathodic and

two anodic peaks correspond to (Cu2+/Cu1+) and (Cu1+/
Cu0) on the voltammogram indicates that the Cu(II) solution
is electroactive. The two cathodic potential peaks of Cu2+/

Cu1+ (Epc1) and Cu1+/Cu0 (Epc2), were appeared at 0.101 V
and �0.322 V in the forward scan, respectively. While, the
two anodic potential peaks of Cu0/Cu1+(Epa2) and Cu1+/
Cu2+(Epa1)were appeared at 0.035 V and 0.212 V in the reverse

scan, respectively. As a result, the reaction’s redox mechanism
can be expressed as follows:
Reduction:
Cu2+ + e-
 Cu1+ at 0.101 V (1)
Cu1+ + e-
 Cu at �0.322 V (2)
Oxidation:
Cu
 Cu1+ + e- at 0.035 V (3)
Cu1+
 Cu2+ + e- at 0.212 V (4)



Fig. 4 the patterns of HOMO and LUMO levels in the optimized structures.
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Tables S2 and S3 show the estimated and collected thermody-
namic parameters for both anodic and cathodic peaks (A and

B). With increasing CuCl2 concentration, the majority of the
examined parameters Ip, C, E� and Q for anodic and cathodic
peaks were elevated. The existence of the diffusion process is
shown by the increase in all peak currents (Shaikh et al., 2006).

3.8.1.2. Cyclic voltammetry response of Cu(II) in presence of
H3L at 298.15 K. As shown in Fig. S11, we investigated the

electrochemical behavior of the complexation between H3L
and CuCl2 in 0.1 M KCl solution within the + 0.8 to
�0.8 V potential range. By increasing the ligand concentration

and favoring the covalence between the copper ions and H3L,
all of the current peaks for the generated redox peak are
reduced. The peak potentials for both cathodic and anodic

peaks have also been altered. These outputs assumed that
the copper and H3L have a strong affinity to form a stable
complex. Additionally, Tables 3 and S4 summarize the values

of peak potential of cathodic (EPc) and anodic (EPa), anodic
peak potential separation (DEp), peak currents (iPa, iPc), peak
current ratio (iPa/iPc), standard potential (E�), standard hetero-

geneous electron transfer rate constant (ks), charge transfer
coefficient (ana), surface coverage (C), and the quantity of
charge (Q) for CuCl2 that obtained from previous voltammo-

gram under influence of H3L in different concentrations.

3.8.1.3. Effect of scan rates on Cu(II) in absence or presence of
H3L at 298.15 K. Figs. S11 and 5 show cyclic voltammograms



Table 3 The parameters of Kinetic and Thermodynamic for CuCl2 wave (A) in presence of H3L and at 298.15 K and 0.1 scan rate.

Mx106

(mol/

cm3)

Lx106

(mol/

cm3)

Epa

(volt)

Epc

(volt)

DEp
(volt)

-Ipa

x105

(Amp)

Ipc

x105

(Amp)

Ip,a/

Ipc

(Amp)

E� Da

x106

(cm2/

s)

Dc

x106

(cm2/

s)

ana Ks

x102

(cm/

sec)

Cc
x109

(mol/

cm2)

+

Qc

x105

Ca
x109

(mol/

cm2)

- Qa

x105

3.21 0.64 0.194 0.078 0.116 1.66 3.35 0.494 0.136 3.75 0.15 0.782 4.60 11.37 3.45 5.615 1.70

3.18 1.27 0.209 0.067 0.142 1.47 3.22 0.456 0.138 2.98 0.14 0.648 5.23 10.91 3.31 4.978 1.51

3.16 1.90 0.251 0.073 0.178 1.27 2.72 0.468 0.162 2.28 0.10 0.613 6.12 9.222 2.79 4.320 1.31

3.14 2.52 0.250 0.083 0.166 1.26 2.91 0.434 0.166 2.27 0.12 0.650 6.07 9.872 2.99 4.287 1.30

3.13 3.13 0.286 0.091 0.195 0.82 1.66 0.494 0.189 0.97 3.98 0.764 5.00 5.643 1.71 2.787 0.84

3.08 4.62 0.333 0.099 0.235 0.89 1.28 0.701 0.216 1.19 2.42 0.708 5.52 4.331 1.31 3.034 0.92

3.03 6.06 0.328 0.121 0.207 0.97 1.02 0.956 0.224 1.44 1.58 0.738 3.49 3.445 1.04 3.293 0.99

2.94 8.82 0.329 0.134 0.329 1.19 0.85 1.398 0.164 2.30 1.18 0.234 5.60 2.889 0.88 4.040 1.22

Fig. 5 Cyclic voltammograms of CuCl2 at different scan rates in absence (A) and in presence (B) of H3L and at 298.15 K.

Fig. 6 Relation (ip vs. m
1/2) for CuCl2 in presence of H3L by the

molar ratio (1:1) and different scan rates.
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of Cu(II) in absence or presence of H3L at 298.15 K in 0.1 M
KCl and at various scan rates of 10, 20, 50, and 100 mV/s. It

has been discovered that, (i) increasing the scan rate, either
cathodic or anodic peak currents rise in a linear manner. (ii)
As the scan rate increased, the cathodic peak changed slightly

towards the negative potential and the anodic peak shifted
slightly towards the positive potential. The linear relationship
between the square root of scan rate and peak currents, as seen

in Figs. S12 and 6, supports the idea of diffusion-controlled
redox process. The ratio of current peak is>1, implying that
the system is quasi-reversible (Zaky et al 2012). The solvation
and kinetic characteristics for the cathodic and anodic of

CuCl2 in the absence or presence of H3L at different scan rates
are explained in Tables S5, S6, 4 and 5.

3.8.1.4. Gibbs free energies and the stability constant of Cu- H3L
complex at 298.15 K. By raising the ratio (j) and ligand concen-
tration, the Gibbs free energies (DG) and stability constants

(log bMX) for the copper ions that reacted with H3L to form
complex are raised. This indicating greater complexation was
occurred as shown in Tables S7 and S8. By adjusting the scan
rate, we were able to see how the stability constant changed.

As seen in Tables S9 and S10, when the scan rate is reduced,
the complex’s stability constant increases, indicating a
diffusion-controlled response.
3.9. Biological investigation

3.9.1. Effect of compounds toward E. Coli, S. Aureus and C.

Albicans

Based on the width of the inhibition zone (Table 6), the major-
ity of the isolated compounds have modest antibacterial activ-



Table 4 Effect of different scan rates on CuCl2 [3.23x10
-6 M] in absence of H3L at 298.15 K for wave (B).

ʋ
(V/

sec)

Epa

(volt)

Epc

(volt)

DEp
(volt)

-Ipa

x105

(Amp)

Ipc

x105

(Amp)

Ipa/

Ipc

(Amp)

E� Da

x105

(cm2/s)

Dcx105

(cm2/s)

ana Ks

x102

(cm/

sec)

Cc x108

(mol/

cm2)

+

Qc

x105

Ca x108

(mol/

cm2)

- Qa

x105

0.1 0.037 �0.256 0.292 17.7 4.01 4.411 �0.109 4.24 2.177 2.169 0.51 1.362 4.13 6.007 18.2

0.05 0.035 �0.236 0.267 18.1 3.54 5.117 �0.098 8.86 3.383 3.407 0.44 2.401 7.27 12.29 37.2

0.02 0.023 �0.232 0.213 9.26 1.51 6.151 �0.129 5.79 1.530 3.66 0.12 2.554 7.74 15.70 47.6

0.01 0.021 �0.223 0.244 7.81 1.16 6.711 �0.101 8.24 1.829 3.976 0.13 3.948 12.0 26.50 80.3

Table 5 Effect of different scan rates on Cu- H3L complex for wave (B) and at 298.15 K.

ʋ
(V/

sec)

Epa

(volt)

Epc

(volt)

DEp
(volt)

-Ipa

x105

(Amp)

Ipc

x105

(Amp)

Ipa/

Ipc

(Amp)

E� Da

x105

(cm2/s)

Dcx105

(cm2/s)

ana Ks

x102

(cm/

sec)

Cc x108

(mol/

cm2)

+

Qc

x105

Ca x108

(mol/

cm2)

- Qa

x105

0.1 0.084 �0.339 0.423 7.33 3.53 2.080 �0.128 7.738 1.789 7.951 3.15 1.196 3.62 2.488 7.54

0.05 0.059 �0.394 0.453 5.57 1.93 2.878 �0.168 8.916 1.076 0.722 0.70 1.312 3.97 3.776 11.4

0.02 0.032 �0.367 0.399 3.18 1.40 2.278 �0.168 7.273 1.402 0.823 0.32 2.367 7.17 5.392 16.3

0.01 0.012 �0.339 0.351 2.83 0.92 3.072 �0.164 11.49 1.217 1.192 0.16 3.120 9.45 9.584 29.0

Table 6 The antimicrobial activity of H3L and its complexes.

Compound E. coli (mg/ml) S. aureus (mg/ml) C. Albicans (mg/ml)

Diameter of inhibition

zone (in mm)

% Activity

index

Diameter of inhibition

zone (in mm)

% Activity

index

Diameter of inhibition

zone (in mm)

% Activity

index

H3L 7 29 9 41 4 14

[UO2(H2L)

(OAC)]

12 53 10 49 11 34

[Cu(H3L)

(OAC)2].H2O

6 22 7 28 9 30

[Hg(H2L)(H2O)

Cl]

18 69 15 64 14 45

Ampicillin 24 100 22 100 NA NA

Colitrimazole NA NA NA NA 28 100

Table 7 Cytotoxicity (IC50) of H3L and its metal complexes

on HepG2 cell line.

Compound IC50(mg/ml)

5-FU 2.60

H3L 5.60

[UO2(H2L)(OAC)] 4.51

[Cu(H3L) (OAC)2]. H2O 6.71

[Hg(H2L)(H2O)Cl] 10.80
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ity against all organisms. The Hg(II) complex exhibits the
strongest antibacterial activity against Escherichia coli (69%)

followed by UO2(II) complex (53%) and Cu(II) complex (22
%). The antifungal activity of Hg(II) Complex is the strongest,
followed by UO2(II) Complex. Although, the toxic effect of Hg

(II) ion was greatly reduced due to its coordination, but its bio-
logical uses are limited till now, just used in treatment for some
skin diseases.

3.9.2. Antioxidant activity for ABTS method

The antioxidant activity of all investigated compounds was
determined using ABTS assay (Aljohani et al., 2021). Accord-

ing to the data, all complexes exhibited lower antioxidant
activity than the ligand (21.91%), except the UO2(II) complex
(28.72%), which reveals a significant antioxidant activity when
compared to conventional ascorbic acid (Table S11). The pres-

ence of two carbonyl oxygen (C = O)1, (C = O)2, azomethine
nitrogen (C = N)azo, hydroxyl group (OH) and two NH
groups in H3L resulted in substantial antioxidant activity

which may be banned due to incomprehensible mechanics.
This did not motivate us to investigate their antioxidant behav-
ior by another methods.

3.9.3. Cell proliferation assay

We were able to examine the ability of the ligand and its com-
plexes to suppress cancer cell proliferation in Hepatocellular

carcinoma liver (HCC) due to the biological activity of Schiff
bases (Singh et al., 2017; Konakanchi et al., 2018). IC50 values
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(compound concentrations that cause 50% cell death) were
calculated in our experiments. Under the same experimental
circumstances, the cytotoxicity of Fluorouracil (5-FU), the free

ligand, and metal complexes was assessed for comparison. The
presence of metal ions shows a synergistic effect on the cyto-
toxicity (Table 7). The results reveal that the IC50 values are

substantially lower in the UO2(II) complex (4.51 mg/ml) than
in the ligand (5.60 mg/ml) alone. These values reflect the effec-
tive anticancer activity of the UO2(II) complex and the free

ligand. The Hg(II) complex, on the other hand its IC50 value
(10.80 mg/ml), reflects its moderate anticancer activity towards
the liver carcinoma cell line (Mandal et al., 2018; Mallela et al.,
2018).

4. Conclusion

Cu(II), Hg(II) and UO2(II) ions were coordinated with (E)-3-
oxo-N’-(2-oxoindolin-3ylidene)-3-(phenylamino)propane
hydrazide through solvent free synthesis way. These new com-
pounds were deliberately identified by utilizing all available

techniques that covering analytical and spectral types. A dis-
torted octahedral arrangement around the central atom, was
suggested for the three complexes. The mode of bonding

within the Cu(II) and Hg(II) complexes was confirmed by
DFT method through Gaussian 09 under 6-31G* and SDD
basis sets. In addition, cyclic voltammograms were performed

for Cu(II) ion under different conditions to estimate solvation
and kinetic characteristics as well as to throw a shadow on the
impact of complex formation on the electrochemical manners.
Both of the ligand and copper ion displayed high affinity

towards the coordination in solution which coincides with that
in solid state. On the other side, the antimicrobial, antioxidant
and antitumor activity of the prepared compounds were exam-

ined in-vitro and the activity is generally in moderate to low
significance. A notable cytotoxicity was appeared with UO2(II)
complex and the ligand.
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