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Abstract

This study aims to prepare a new Schiff  base, 2-[(E)-[2-(2,4-
dinitrophenyl)hydrazinylidene]methyl]-1H-pyrrole (NPHP), derived from 2,4-dinitrophenyl
hydrazine and 1H-pyrrole-2-carbaldehyde with ratio 1:1. Additionally, two new complexes of
this Schiff base were synthesized with transition metal ions, Ni(II) and Cu(II), with ligand to
metal ratio 2:1. The complexes were characterized using molar conductivity, FT-IR, UV-Vis,
'HNMR, “CNMR, XRD, and transmission electron microscopy. Physicochemical properties
and spectral results indicate that the conductivity showed an electrolytic nature for these
complexes, and the ligand acts as a bidentate chelating agent with octahedral geometry, as
supported by FT-IR and UV-Vis analysis. The azomethine (CH=N) nitrogen and pyrrole
nitrogen atoms were identified as the coordination sites. Pathogenic bacterial studies for the
ligand and its new complexes, Ni(II) and Cu(Il), were conducted against Escherichia coli,
Staphylococcus aureus, and Pseudomonas aeruginosa. Based on chelation theory, the metal
complexes exhibited higher biological activity than the free ligand, while the complex of Ni(II)
was more effective than the complex of Cu(II). Notably, the Schiff base (NPHP) showed no
activity against Escherichia coli.
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1. Introduction

Heterocyclic compounds show significant efficacy against
bacterial and viral pathogens by targeting the respiratory chain
cells (Suman et al., 2017). Many derivatives of heterocyclic
compounds also possess remarkable organic and pharmacological
properties, which makes them valuable in pharmaceutical
applications (Kashaw ez al., 2008). As for the Schiff bases, formed
by the reaction of amino and carbonyl as aldehydes or ketones
compounds and replacing the carbonyl group (C=0) with an imine
(C=N) or an azomethine group, Schiff bases act as effective
chelating agents when they contain coordinated functional groups
(Mushtaq et al., 2024; Yousif et al., 2017). Schiff bases and their
metal complexes play a key role in understanding the coordination
chemistry of transition metal ions (Yilmaz et al., 2009). Schiff base
metal complexes containing different metal ions such as Ni, Co,
and Cu have been studied in detail for their various
crystallographic features, structure-redox relationships, enzymatic
reactions, mesogenic characteristics, and catalytic properties (Kilic
etal., 2012)

Schiff bases can be strengthened by improving their
biological effectiveness (Ragi et al., 2021; Al Zoubi et al., 2016).
With donor groups (Bhaskar ez al., 2020). Schiff bases coordinate
with metal ions through azomethine nitrogen and have been
extensively studied (Aalami ef al., 2024). The binding (C=N) in
azomethine derivatives is vital for their biological activity,
contributing to antifungal, antibacterial, anticancer and
antimalarial effects (Shivankar ez al., 2003).

A lot of important literature surveys witnessed a great deal
of interest in the synthesis and characterization of transition metal
complexes containing Schiff bases as ligands due to their
applications in asymmetric catalysis, materials science, analytical,
and medicinal chemistry and possess intrinsic pharmacological
properties (Alhafez et al., 2022; De et al., 2022; Kilic et al., 2012;
Ilhan et al., 2008). It also has applications in industrial processes,
laboratory settings, dye manufacturing, corrosion inhibition, drug
synthesis, catalysis, coordination chemistry, and the study of
biological agents (Ceramella ez al., 2022).

Nanoparticles, ranging from 1 to 100 nm in diameter, are
one-dimensional materials that possess unique properties and a
wide range of applications, particularly in pharmaceuticals and
medicine (Altammar, 2023; Prabhu and Poulose, 2012). They
represent alternative antibacterial agents by their ability to interact
with bacterial cells by disrupting membranes or inhibiting enzyme
activity (Ahmed et al., 2019; Hezam et al., 2019).

The field of nano complexes has had a significant impact
on inorganic chemistry, particularly in pharmaceuticals and
medicine (Al-Magqtari ef al., 2023; Prabhu and Poulose, 2012).

Therefore, this study aims to synthesize a Schiff base from
(2,4-dinitrophenyl) hydrazine and 1-pyrrole-2-carbaldehyde,
followed by the preparation of coordination compounds with
Ni (IT) and Cu(I]) salts as nanoparticle products. Characterization
of these compounds will be carried out using FTIR, UV-Vis,
'H NMR, C NMR, XRD, TEM, and antibacterial activity.

2. Materials and methods

2.1. Materials

All chemicals were used as received without further
purification. The Schiff base precursors, pyrrole-2-carboxaldehyde
(99% purity, Fluka) and 2,4-dinitrophenyl hydrazine (98% purity,
Scharlau), were employed for ligand synthesis. Metal salts,
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including nickel (II) chloride hexahydrate (NiCl2:6H.O, 99%
purity, Scharlau) and copper(I) nitrate hexahydrate
(Cu(NO3)2:6H20, 99% purity, Scharlau), were utilized for
complexation. The solvents dimethyl sulfoxide (DMSO, 99.8%
purity, Scharlau) and absolute ethanol 99.8% purity, Sigma-
Aldrich) served as reaction media and for purification purposes.
All reagents were of analytical grade to ensure the reliability of
experimental outcomes.

2.2. Methods

2.2.1. Preparation of Schiff base

The Schiff base ligand, 2-[(E)-[2-(2,4-dinitrophenyl)
hydrazinylidene] methyl]-1H-pyrrole (NPHP), was synthesized
through a condensation reaction. Specifically, 0.99 g (5 mmol) of
2,4-dinitrophenyl hydrazine was dissolved in 25 mL of absolute
ethanol and then added to 0.47 g (5 mmol) of the chemical
compound 1H-pyrrole-2-carbaldehyde. Additionally, 5 drops of
glacial acetic acid were included as a catalyst. The mixture was
refluxed for 9 h at 70 °C until a red precipitate formed, which was
then recrystallized using cooled ethanol (Scheme 1) (Kumar ez al.,
2009).

NO,
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OzN NH + —_—
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Synthesis of Schiff base(NPHP) ( )

2,
4
j
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Scheme 1. Preparation of NPHP.
Source: Elaborated by the authors.

2.2.2. Preparation of transition metal complexes as
nanoparticles

To prepare transition metal complexes, 0.12 g (3 mmol) of
NaOH and 0.22 g (4 mmol) of NPHP were added to 30 mL of
ethanol. This mixture was combined with a metal salt (2 mmol),
specifically NiCL-6H:0 or Cu (NOs).-:3H20, which had been
dissolved in a minimal amount of distilled water. The reaction was
stirred for 12 h to facilitate the complete formation of the complex.
NaOH served as a precipitation agent. The resulting precipitate
was filtered, washed several times with ethanol, and then dried at
room temperature, producing a light brown powder (Scheme 2)
(El-Shafiy et al., 2017).
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Scheme 2. Preparation of Ni(II) and Cu(II) complexes.
Source: Elaborated by the authors.
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2.3. Characterization techniques

2.3.1. Physical properties

A standardized conductivity and melting point apparatus
was used to determine the conductivity and melting points of the
Schiff base and its metal complexes.

2.3.2. FT-IR spectra

FT-IR spectra were obtained using a Varian IR Prestige-
2000 FT-IR spectrophotometer at the University of Science and
Technology in Sana’a, Yemen.

2.3.3. UV-Vis spectra

The electronic spectra of the ligand and its complexes were
recorded using a Cary 50 Conc UV-Visible spectrophotometer
(Varian Australia) at room temperature over the wavelength range
of 200-900 nm. This measurement was conducted at the Global
Pharmaceuticals Company in Sana’a, Yemen.

2.3.4. X-ray diffraction

The crystallinity of the prepared Schiff base ligand and its
Ni(IT) and Cu(II) complexes was analyzed using an XD-2 X-ray
diffractometer (Cu Ka, A = 1.54 A, 36kV, 20 mA) at the Yemeni
Geological Survey and Minerals Resources Board (YGSMRB).

2.3.5. NMR spectra

The 'H-NMR and *C-NMR spectra were recorded in
DMSO-ds using either a Bruker AVANCE II 300DRX or an
average 400DRX spectrometer. This analysis was conducted at the
Faculty of Science, Cairo University, Egypt, which is equipped
with advanced NMR facilities suitable for such spectroscopic
studies.

2.3.6. TEM analysis

A drop of the nanoparticle solution was placed on carbon-
coated copper grids and allowed them to evaporate. Transmission
electron microscopy (TEM) measurements were conducted using
a Philips CM200 instrument, operating at an accelerating voltage
of 200 kV. This analysis took place at Cairo University, Egypt.

2.3.7. Antibacterial activity

Antibacterial tests were performed at the Department of
Microbiology, Sana’a University, Faculty of Sciences, using the
standard disc diffusion method. The Schiff base ligand and its
complexes were tested at concentrations of 50-100 mg/mL,
dissolved in dimethyl sulfoxide (DMSO).

Cultures were incubated for 24 h at 37 °C for bacteria and
120 h for Candida. The results were recorded as the average
diameter of the inhibition zone in millimeters. Microorganisms
isolated from human patients included both gram-positive and
gram-negative strains, including Staphylococcus aureus, Pseudomonas
aeruginosa, and Escherichia coli.

@creative
commons

ISSN 1678-4618

https://doi.org/10.26850/1678-4618.eq.v51.2026.1621

The methodology was as follows:

1. Isolation of cultures: Microorganisms were isolated and
cultured on nutrient agar medium in sterile 9-cm Petri dishes.

2. Incubation: The plates were incubated at 37 °C for 24 h to
allow for growth.

3. Preparation of inoculum: A 0.5 cm diameter disc was
transferred from the growth colonies of Staphylococcus aureus,
Pseudomonas aeruginosa, and Escherichia coli into test tubes
containing 10 mL of nutrient broth. The tubes were then
incubated at 37 °C for 24 h.

4. Preparation of agar plates: Fresh nutrient agar medium was
prepared and poured into sterile Petri dishes.

5. Transfer of Cultures: After incubation, the growth colonies
from the broth were transferred into a sterile test tube and
diluted as necessary for even distribution on the nutrient
agar.

6. Application of discs: Discs saturated with the Schiff base
ligand and its metal complexes were placed onto the surface
of the agar.

7. Incubation of plates: The culture plates were incubated at
37 °C for another 24 h to allow for interaction between the
compounds and the microorganisms.

8. Measurement of inhibition zones: After incubation, the
average diameter of the inhibition zones around each disc
was measured in millimeters for all tested compounds.

9. Repetition for additional concentration: All procedures
were repeated using additional concentrations of the Schiff
base ligand and its complexes to assess their antibacterial
effectiveness.

10. Sterile conditions: All manipulations were conducted under
sterile conditions to prevent contamination and ensure the
reliability of the results.

3. Results and discussion

3.1. of the prepared Schiff base and its Ni(II) and
Cu(II) complexes

The Schiff base and its metal (IT) complexes were prepared
with good yields, and their properties are summarized in Table 1.
The Schiff base exhibits a melting point of 275 °C, while the
decomposition temperatures of the Ni(I) and Cu(II) complexes
are above 300 °C, indicating their thermal stability. This thermal
stability is significant, as it suggests that the complexes can
withstand higher temperatures without decomposing, making
them suitable for various applications. The molar
conductance values for the Ni(II) and Cu(Il) complexes are
162.6 and 171.8 uS/m, respectively. These high molar
conductance values suggest that the complexes are electrolytic, as
noted by (Maher ez al., 2018).
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Table 1. Physical Properties of the Schiff base and two Metal (II)
Complexes.

Compounds NPHP Ni" complex Cu" complex
Color Red light brown dark brown
Yield % 73 58 65
M.P. (°C) 275 303 305
M.L. (us/m) - 162.6 1718

Source: Elaborated by the authors.

3.2. FT-IR spectra

The FT-IR spectra of NPHP (Fig. 1) exhibit stretching
frequencies at 3420 cm-! and 3283 cm-1, which are attributed to
the N-H group, while a weak band at 3080 cm-! corresponds to
the C-H stretching of the aromatic group. A strong band at
1625 cm-! is associated with the azomethine (HC=N) group
(Bhaskar ez al., 2020). Additionally, absorption bands at 1520 cm™
and 1470 cm-1 are assigned to the stretching vibrations of the C=C
and C=N groups, respectively, as detailed in Table 2. Notably, the
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spectrum of NPHP displays a band for the -C=N- group at
1699 cm-1, which shifts to a lower frequency between (1649-1656
cm1) in the spectra of Ni(Il) and Cu(Il) complexes. This shift
indicates the involvement of -C=N-NH nitrogen in coordination
with (Ni(I) and Cu(II)) metal ions (Turky Shamkhy, 2015).

Table 2. FT-IR data for prepared compounds.

Compounds NPHP Ni complex Cu" complex
~'.; v (N-H) 3420 3480 3430
‘? v (C-H) aryl 3100 3080 3070
"é v (HC=N) 1625 1655 1635
S v (C=0) 1505 1510 1510
E v M-N = 450 426

ISSN 1678-4618

Source: Elaborated by the authors.

(a) NPHP
C=N w
“2000 " 500 " “4doo’ " 500
Wavenumber
(b) Ni(II) complex
C=N
Wavenumber
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Figure 1. FT-IR spectra (a) NHPH and (b) Ni(II), (c) Cu(II) complex.
Source: Elaborated by the authors.

3.3. UV-Visible spectra

The UV-Visible spectrum of the free ligand NPHP (Fig. 2a)
shows two notable absorption bands. The first band is observed at
230 nm and 345 nm, corresponding to the m—n* transition of the
benzene rings. The second band, located at 345 nm, is attributed
to the n—n* transition, which involves non-bonding electrons on
the nitrogen atom. These transitions indicate the electronic
characteristics of the ligand and provide insights into its molecular

The band at 420 nm is associated with a metal-to-ligand charge
transfer (MLCT) transition, indicating electronic interactions
between the metal ion and the ligand. The broad band observed at
550 nm corresponds to a d—d transition in the octahedral Cu(II)
complex (Aalami er al., 2024; Gliemann, 1985; Turky Shamkhy,
2015). The absorption band values are summarized in Table 3.

Table 3. Electronic spectra for prepared compounds.

structure and behavior in solutions. Compounds NPHP Ni complex _Cu” complex
In the spectrum of the Ni(II) complex (Fig. 2b), also z'n* 31312
recorded in DMSO, three maxima are‘ obs.erve.d at 385‘ nm, A (nm) L-I\T/EICT 385
570 nm, and 750 nm. The band at 385 nm is primarily due to intra- MLCT 570 420
ligand charge transfer, while the band at 570 nm is related to metal- d-d 750 550
ligand charge transfer (MLCT). A broad band at 750 nm is Geometry Octahedral Octahedral
indicative of a d—d transition in the octahedral Ni(IT) complex. The
. S : Elaborated by the authors.
spectrum for the Cu(II) complex (Fig. 2c), recorded in DMSO, ouree: Haborated by the autors
reveals two distinct bands at 420 nm and 550 nm.
304 NPHP 20 . !
o b @ (b) Ni(II) complex 25 (c) Cu(II) complex
2.0 L"‘: b 204
é 154 | a 1_n_|L 5 151 )
1.0 \ 1.0+
05 ""\L 0.5+ ‘\l P e, 08 ) R
0.0 T N 0] T —
200 400 500 P 400 600 400 1000 400 500 600 700 800
Wavelength (nm) Wavelength (nm) Wavelength (nm)

Figure 2. UV-Vis spectra of (a) NPHP and (b) Ni(II), (c¢) Cu(I) complexes.

Source: Elaborated by the authors.

3.4. XRD analysis

X-ray diffraction (XRD) patterns of NPHP (Fig. 3a) were
a good match (JCPDS card no. 09-0710). The XRD pattern of the
Ni(IT)complexes nanoparticles confirms that there are three kinds
of phases such as the triclinic (or anorthic) crystalline structure of
monoclinic and the small peaks evident for monoclinic (Fig. 3b).
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For Cu(II) complex nanoparticles (JCPDS card no. 50-2456), the
monoclinic crystalline structure is excellently represented
(Fig. 3c¢). However, impurity peaks were noticed in the XRD
pattern, corresponding to JCPDS card no. 08-0564. The diffraction
peaks align closely with those listed in the standard JCPDS card
No. 35-1877 (C12H1204), 22-1848 (C10H20N4NiOg4) and 14-0864
(C12H16N2CuO:s). Furthermore, this sample has shown unexpected
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X-ray diffraction peaks. NPHP exhibits the largest intensity peaks,
whereas Ni(II) complexes nanoparticles display the lowest. The
crystallite sizes of the prepared nanoparticles were calculated using
Debye-Scherrer’s formula (Rathore et al., 2024; Sameeh et al.,
2024) (Eq. 1).

0921
B CoS 6

CapD = (1)

In this context, A represents the wavelength of the utilized
X-ray, B denotes the full width at half maximum intensity
(FWHM) measured in radians, and 0 is the diffraction angle.
These parameters (Table 4) are commonly used in X-ray
diffraction studies to analyze the structural properties of materials,
enabling the determination of crystallite size and other
characteristics through the Scherrer equation or similar methods.
The crystallite sizes (D) for the nanoparticles are as follows:

https://doi.org/10.26850/1678-4618.eq.v51.2026.1621

Table 4. XRD data for prepared compounds.

Compounds hkl 2-theta (20 °) FWHM () D (nm)
NPHP 26.68 0.385 21.2
Ni" complex 021 12.26 0.437 18.3
Cu" complex 001 8.4 0.465 17.1

Source: Elaborated by the authors.
3.5. TEM analysis

The Transmission Electron Microscope (TEM) images of
the produced samples are presented in Figs. 4 and 5, alongside
distribution histograms of the nanoparticles. Particle aggregation
was observed, and the TEM images revealed that the particles
exhibit spherical and semispherical shapes across all prepared
samples. The nanoparticles were within the size range of below
100 nm. The evaluated particle sizes were 31.59 nm for PNHP,
46.80 nm for Ni(II) complexes, and 34.96 nm for Cu(Il)
complexes.

Ci2Hi20s is 21.2 nm, CioH20NsNiOs is 18.3 nm, and
Ci2Hi6N2CuO3 is 17.1 nm.
3000 2400
(a) NPHP =
2500 2000 | g

Intensity (a.u)
Intensity (a.u)

800

(b) Ni(IT) complex (¢) Cu-complex

001

Intensity (a.u)

260 (degree)

T T T T
30 40 50 60

20 (degree)

T T
30 40 20

20 (degree)

50 60

Figure 3. XRD pattern of (a) NPHP and (b) Ni(II), (c) Cu(Il) complexes.

Source: Elaborated by the authors.

(b) Ni-complex

(c) Cu-complex

Figure 4. TEM images of (a) NPHP and (b) Ni(II), (c) Cu(Il) complexes.

Source: Elaborated by the authors.
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Figure 5. TEM distribution particle size of (a) NPHP and (b) Ni(II), (c) Cu(II) complexes.

Source: Elaborated by the authors.

@creative
commons

ISSN 1678-4618

page 6/10


https://doi.org/10.26850/1678-4618.eq.v51.2026.e1621
https://doi.org/10.26850/1678-4618.eq.v51.2026.e1621

Original Article

3.6. NMR spectra

NMR spectroscopy is crucial for diagnosing organic
molecules, providing significant insights into their chemical
composition in solution (Naderi et al., 2023). Figure 6 presents the
"H-NMR (DMSO, 300 MHz) & values in ppm: 8.60 (s, 1H) for the
NH of the pyrrole ring; 7.99 - 8.35 (m, 5H) for the benzene ring;
7.10 (m, 3H) for the pyrrole ring; 3.40 (s, 1H) for the NH of the
azomethane group; and 2.24 (d, 1H) for the CH=N enamine
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group, corresponding to the Schiff base ligand (Aranha ez al., 2007;
Gliemann, 1985; Jailani ef al., 2020).

The C-NMR spectrum (Fig. 7) of NPHP indicates the
presence of nine carbon atoms, consistent with the molecular
formula. The & values in ppm are as follows: 109.70, 112.60,
116.50, and 137.29 for the pyrrole ring; 122.70, 126.90, 136.10,
137.20, and 141.70 for the benzene ring carbon; and 144.50 for the
enamine (CH=N) group. The 1H-NMR and 13C-NMR data
corroborate the proposed structure of the ligand, as illustrated in
Figs. 6 and 7.

2.5
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.22 7,49 v.2e
7.3 " s .

——
aLn

Figure 6. "HNMR spectrum of the NPHP ligand.
Source: Elaborated by the authors.
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Figure 7. ®'CNMR spectrum of the NPHP ligand.
Source: Elaborated by the authors.
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3.7. Antibacterial activity

The antibacterial activity of the Schiff base ligand and its
complexes was evaluated at concentrations of 50 and 100 pg/mL
against Gram-positive Staphylococcus aureus (ATCC 29737),
Pseudomonas aeruginosa (ATCC 25619), and Gram-negative
Escherichia coli (ATCC 10536). This evaluation was conducted
using the disc diffusion method, which is a standard procedure for
assessing antimicrobial activity by measuring the inhibition zones
around the discs containing the test compounds (Khan ez al., 2020).
The results were compared to the antibiotic Ciprofloxacin, with
susceptibility zones measured in millimeters (mm) and
summarized in Table 5.

The items resulting in the highest-to-lowest effectiveness can be
summarized as follows:

a) Escherichia coli
Ciprofloxacin > Ni > Cu

b) Staphylococcus aureus
Ciprofloxacin > Ni > ligand > Cu

¢) Pseudomonas aeruginosa

Ni > Ciprofloxacin >Cu > ligand

Table 5. Comparison of the
(inhibiting diameter in mm).

https://doi.org/10.26850/1678-4618.eq.v51.2026.1621

From these results, we can summarize that:

1. Generally, the active property of the antibacterial agent was
more active than the ligand and its complexes against
Escherichia coli and Staphylococcus aureus.

2. There is no inhibition zone for the ligand against the
Escherichia coli.

3. The inhibition zone of the Ni (II) complex against
Pseudomonas aeruginosa is higher compared to Ciprofloxacin,
ligand, and Cu(Il) complex.

4. The inhibition zone by complex of Cu (II) complex is less
than other compounds against and
Staphylococcus aureus.

Escherichia  coli

The Ni(IT) and Cu(II) complexes showed enhanced activity
compared to the NPHP ligand, which is attributed to the formation
of metal complexes that rely on the electron-donor properties of
the ligand and their accessibility to metal ions. These findings
highlight the potential of metal complexes as promising biological
agents, surpassing the inhibitory effects of the antibiotic
Ciprofloxacin.

inhibiting activity of synthesized Schiff base ligand and its complexes with antibiotics

Zone of Inhibition (mm)
Compounds Escherichia coli Staphylococcus aureus Pseudomonas aeruginosa
Conc. Conc. Conc. Conc. Conc. Conc.
(ng/mL)50 (ng/mL)100 (ng/mL)50 (ng/mL)100 (ng/mL)50 (ng/mL)100
Ciprofloxacin 20 22 26
0 0 11 18 6 8
NPHP 0 0 0 0 11 11 18 18 5.5 6 8.3 8
0 0 11 18.5 6 7.8
16 18 13 23 14 27
Ni! complex 16 16 18 18 13 13 21.5 23 14 14 27 27
17 18 13.5 24 14.5 28
11 13 7 24 13 24
Cu" complex 12 12 11.5 13 6.5 7 24 24 12.5 13 25 24
12 13.5 7 24.5 12.5 24

Source: Elaborated by the authors.

4. Conclusions

In this paper, the new Schiff base ligand (NPHP) functions
as a bidentate ligand obtained by the condensation reaction of 2,4-
dinitrophenyl hydrazine and 1H-pyrrole-2-carbaldehyde with ratio
1:1 gives 2-[(E)-[2-(2,4-dinitrophenyl)hydrazinylidene]methyl]-
1H-pyrrole (NPHP), which coordinated with metal ions of Ni(II),
and Cu(Il) in a 2:1 molar ratio of ligand to metal via the nitrogen
donor atoms of azomethine and pyrrole groups is characterized by
the physicochemical and spectral analysis for the prepared ligands
and complexes have been done. The ligand behaves as bidentate,
coordinating via the nitrogen donor atoms of azomethine and
pyrrole groups. According to the analytical data, including FT-IR,
UV-vis, NMR (1H and 13C), XRD, and TEM, we have proposed
an octahedral geometry for Ni(II) and Cu(II) complexes.
Furthermore, these metal complexes exhibit enhanced
antibacterial activity against Gram-positive Staphylococcus aureus
(ATCC 29737), Gram-negative Pseudomonas aeruginosa (ATCC
25619), and Escherichia coli (ATCC 10536) compared to the NPHP
ligand and the antibiotic Ciprofloxacin.
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