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ABSTRACT

Together, ortho (0)-phenyldiamine and para (p)-hydroxy benzaldehyde generate a Schiff
base. In order to make transition metal complexes of Ni?*, Cu?*, Co?* and Cd?*ions, this Schiff base
was employed as a ligand of choice. The generated transition metal complexes' chemical structure
is examined using a variety of physical methods, such as fundamental analysis, conductivity (molar),
susceptibility (magnetic), spectroscopy (IR), and ultraviolet-visible spectroscopy. According to the
elemental data analysis, a 1:2 [M:2L] complex of the formula, M?* L, is produced (M?* = Ni#,Cu?,
Co?*, Cd?*ions and L = Schiff base). All of the complexes were shown to be electrolytic in nature, as
demonstrated by the molar conductance (conductivity) experiment. The 'H NMR and infrared (IR)
spectral studies were utilized to fix the Schiff base binding sites that the transition metal ions are
attached to. The anticipated coordination geometry and magnetic characteristics, such as the magnet
with paramagnetic or diamagentic of the complexes were validated by the magnetic susceptibility
tests and electronic spectral data. While the Cd?*ion creates tetrahedral structure with low spin,
the Ni?*, Cu? and Co?* ions yield high spin tetrahedra geometry. Comparing the obtained results
with common antibiotics as kanamycin and ampicillin, the Cu?* and Ni?* complexes showed high
activity, while the Co?* and Cd?* complexes showed week and occasionally moderate antimicrobial
activity. The complex compounds of Schiff base showed more activity towards Gram-positive and
Gram-negative bacteria as compared to its Schiff base. This idea can be improved upon with more
adjustments and used in the pharmaceutical or medical industries.
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INTRODUCTION

Schiff bases have a potential as well as
a significant part in inorganic science as they can
undoubtedly stable buildings with the majority of the
transition metal ions'¢. Specifically, Schiff bases
are combined through the buildup of essential
amine along with carbonyl compound under the
particular condition”'2. Moreover, Schiff bases and
its metal complex compound are likewise notable
to show articulated organic action and structure a
significant class of mixtures in medication and drug
field2°-27. Additionally, it demonstrated a degree of
relaxing, antitumor, antibacterial, antifungal, and
anticancer movement. The natural activity of Schiff
base®*-**is attributed to the azomethine linkage.
These ligands' transition metal complex molecules
exhibit different configurations, underlying danger,
and an aversion to atomic conditions. The central
metal particles in these buildings go about as
dynamic locales for pharmacological specialist®®-e.
This feature is utilized for displaying dynamic
destinations in organic frameworks*’-5'. Kudrat
et al., carried out “synthesized, characterized
evaluated mixed -ligand complexes of Cu?*
containing the Schiff base ligand derived from
2-hydroxybenxaldehyde with 2-amino phenol/3-
amino phenol and bidentate auxiliary ligands”.
The researchers noticed the buildings with
Schiff bases showed the essential enemy of
microbial action. p-hydroxybenzaldehyde can be
extracted from Saprophytic perennial herb in the
Orchidaceae family named orchids Gastrodia
elata’™ as well as found in Galeola faberi'.
Chelating imines are available in Schiff bases,
which have been broadly utilized as ligands to
amalgamation of mesogenic complexes of Ni2*
and Cu?* particles (ions)'s. The synthesis of
this kind of Schiff base complexes emphatically
relies upon the idea of their substituents i.e., the
presence and the shortfall of mesomorphism
relies basically upon the chain length of the
substituents. It was reported that “Some
non-mesogenic tetradentate Schiff bases
additionally give mesogenic compounds when
complexing with copper”'®'’. “The oxygen and
nitrogen donor (O, N donor) ligands have a crucial
role in the formation of transition metal coordination
complexes™*5¢. Adhao et. al. studied (i) “Synthesis,
Spectral, Thermal Studies and Antimicrobial
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Evaluation of Transition Metal Complexes with
Novel Schiff base Ligand®®,” and (ii) “Synthesis,
Structures and Antimicrobial activities of Novel
Schiff base Ligand and Its Metal Complexe®®.” Both
the cases noted that transition metal complexes
had increased antibacterial activitycompared to
the Schiff base ligand.%%%. An enormous number of
metal complex compounds with various electronic
designs have been combined utilizing Schiff
base ligands'®2°, At present, metal complexes
of Schiff bases definitely stand out enough to be
noticed because of their wonderful antibacterial,
antifungal and antitumor exercises?¢'. Already,
Saito et al., noticed a couple of transition metals
buildings were incorporated and concentrated on
their antimicrobial action®2. It was seen that the
designs (structure) have likely antimicrobial turn
of events. Keeping these actual factors in mind-the
significance of metal in physical, natural, climate,
and clinical science, Schiff base was synthesized
by union of para-hydroxybenzaldehyde and ortho-
phenyldiamine and the complexation multiple
transition metal particles (ions), including Ni2*,
Cu?, Co?*, and Cd?* trasition metal cations through
this Schiff base report here. Additionally, the
complexes were categorized applying elemental
examination, conductivity property and magnetic
behavior along with IR (infrared), '"H NMR spectra
and UV-Vis (ultraviolet-vissible spectroscopy)
in order to find out the geometrical shape of
synthesized complexes. Moreover, the microbial
activity of these building (complexes) have been in
like manner proclaimed here. The aim of the work
is to utilize this idea in medicinal or pharmaceutical
industries for preparing antimicrobial drugs.

EXPERIMENTAL

Reagents (materials) and Chemicals

Unless otherwise specified, all additional
reagents and solvent were analytical grade and
utilized exactly as received. p-hydroxy benzaldehyde,
o-phenyl diamine, absolute ethanol, and transition
metal salts i.e., hydrated nickel nitrate, copper nitrate,
cobalt chloride and cadmium nitrate were procured
from Sigma—Aldrich chemicals. The ligands and its
complexes were liquified in absolute alcohol.

Physical measurements
The melting points were measured for
all metal complexes utilizing electro-thermal
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instrument for measuring melting point (Model no.
AZ6512). Elemental analysis i.e., the percentage
of elements (specifically Carbon, hydrogen &
nitrogen) for ligands as well as complexes were
executed using Organic Elemental Analyzer
Il (Model no. Perkin 2400) at the University
of Kayama in Japan. The measurement for
magnetic moments were taken by utilizing
Susceptibility Balance (Magnetic) made by The
SHERWOOD SCIENTIFIC. Pascal's constant
was used to do diamagnetic adjustments?s.
FT-IR spectra for the ligand & its complexes
of different transition metals were recorded
through utilizing FTIR spectrophotometer (Model
no. NICOLET 310) made from Belgium in the
frequency ranges from 4000 to 400 cm™. This
experiment was done in the Division of Metallurgy
and Material Science, BUET where, KBr was
used as disc for FT-IR spectro-photometer. TMS
was utilized as internal standard, the spectra of
'H NMR (300MHz) were captured using a NMR
(Model no. JEOL JN M-A400) spectrometer in
DMSO. UV-Visible spectral information was taken
utilizing a spectrophotometer named SHIMADZU
DOUBLE BEAM (model UV-1200) in the range
of wave length of 200-900nm. This experiment
was carried out at Rajshahi University’s Central
Science Laboratory in Bangladesh.

Schiff base synthesis

The synthesis of Schiff base was carried out
through continuous stirring of the mixture of ethanoic
solution of para (p)-hydroxy benzaldehyde and ortho
(0)-phenyldiamine. In order to prepare the mixture,
10 mmol ethanolic solution of o-phenyldiamine
(1.08 g o-phenyldiamine in 20 mL in absolute
ethanol) was mixed with 10 mmol ethanoic solution
of p-hydroxy benzaldehyde (1.22 g p-hydroxy
benzaldehyde in 30 mL absolute ethanol).

At standard (room) temperature, the
mixture was assorted and stirred for four hours
before being allowed to stand for twenty-four
hours. A yellow crystal was formed. A Buchner
funnel was used to have the yellow crystal,
which was then filtered out and desiccated
using vacuum desiccator containing CacCl,
(anhydrous). The following illustrates the
reaction flow chart (Scheme 1) to explain the
synthesis of Schiff base.
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Scheme 1. Reaction profile of Schiff base

The initial step is an elongation of a
nucleophillic to the =C=0 group in the imine
development system (Scheme 2). For this purpose,
the amine acts as nucleophile, responds with the
ketone or aldehyde or produce carbinolamine, an
imbalanced expansion product. As shown in Scheme
2, a carbinolamine is a chemical species linked to an
amine bunch ((-NH,)-NHR or -NR) and a hydroxy
radical assembling to a comparable carbon.

Scheme 2. Reaction mechanism scheme for synthesizing
Schiff base
A reasonable amount of production found
to be 60-65% was gained and elemental analysis
observation confirmed the complex compound's purity.

Complexes synthesis with Schiff base

One millimol of hydrated nickel nitrate
or copper nitrate or cobalt chloride or cadmium
nitrate was liquified separately with 10 milliliters
pure ethyl alcohol. Each and every salt solution
received ethanoic solution of two mmol of the
Schiff base, which was continuously agitated for
four hours at room temperature before being left
to remain still for one hour. Filtered off, a vacuum
desiccator with anhydrous CaCl, was used to dry
the residue. Different colored solid metal complexes
precipitated out after reaching normal temperature.
The obtained products underwent filtering, a cold
methanol wash, and drying. Below are the general
reaction scheme and the suggested structure
(Fig. 1) of the produced complexes.
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M(NO,),.xH,0 + 2SB — [M(SB), . (NO,),

Where, M?* = Ni?*, Cu?*, Co?** and Cd?* ions,
SB = Schiff base

Fig. 1. The predicted tetrahedral geometry of complexes

Antimicrobial Screening of the metal complexes

There exist several in vitro techniques
for determining an organism's susceptibility to an
antimicrobial agent. The disc diffusion technique
is generally accepted for use in initial studies of
substances suspected of having antibacterial
properties'2. The complexes' antimicrobial activities
of Ni2+, Cu?*, Co?* and Cd?** ions was carried out by
the disk diffusion technique®2. This analysis was done
on four pathogenic bacteria i.e., two-gram negative
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bacteria like Escherichia coli, Shigella dysenteriae
and Gram-positive bacteria like Bacillus cereus and
Streptococcus agalactiae at 37°C. A disk containing
filter paper (Whatmann No. 4) with diameter (8mm)
was immersed in a DMF compound solution
(1.0 mg cm™)%2. It was put on nutritional agar plates
after drying. After 36 h, the inhibitory zones were
seen. Ampicillin and kanamycin were utilized as
standards, and DMF served as a control.

RESULTS AND DISCUSSION

Atnormal (room) temperature, all complexes
are stable. While none of the complexes are soluble
in conventional organic solvents, they are all very
soluble in DMSO, DMF, and CHCI,.

Elemental examination and conductivity
measurement

Tables 1 and 2 present the physical
parameters of the produced complex compounds
and the findings of the conductivity investigations.
For the complex compounds, the majority of the
analytical findings agreed through the anticipated
empirical recipe. The conductance value for the
complex compounds uncovered that the nature of
these species (complexes) are electrolytic?®.

Table 1: The ligand’s and complex’s fundamental analysis

Ligand (SB) and complexes % C

% H % N

Computed Observed Computed Observed Computed Observed

SB*(C,,H,,N,0) Yellow crystal ~ 73.58 73.25
[Ni(C,,H,,N,O),J* 64.64 64.02
[Cu(C,H,,N,O),* 64.12 63.30
[Co(C,H,,N,O),* 64.60 64.15
[Cd(C,,H,N,0),I** 57.42 57.02

5.60 5.53 13.20 13.12
4.97 4.32 11.60 10.98
4.92 4.16 11.48 11.02
4.96 4.28 11.59 11.16
4.42 5.86 10.30 9.78

Table 2: Physical analysis of Schiff base (ligand) & their complex compounds

Complex compounds Colour Melting point or decomposition temp.(+t5°C)  %Yield Molar conductance(ohm2cm? mol™')
[Ni(C,,H,,N,0),]** Yellowish 255(d) 62 98
[Cu(C,,H,,N,0),]* Black 280(above) 65 115
[Co(C,,H,,N,0),* Black 235(d) 61 121
[Cd(C,,H,,N,0),** White 270(above) 60 120

SB(C,,H,,N,0) Yellow crystal 150 - -

*Schiff base

Infrared (IR) spectral studies

Table 3 lists the vibrational frequencies
for transition metal complexes along with their
approximative assignments. Comparing with

the frequency of vibration of the free ligands &
related compounds made the assignments easier.
Table 3 contains infrared (IR) spectrum data for
ligand and its complexes. The ligand’s spectral
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data revealed regions of strength for a band at
1550-1651 cm' caused by v(C=N) stretching,
signifying that a buildup has taken place between
the ortho (0)-phenyldiamine?®-3° and the CHO group
of para-hydroxy benzaldehyde. The infrared spectra
of complexes have two conceptual characteristics.
The azomethine group’s (=C=N-) stretching
frequencies of the transition metal complexes have
shifted to downward and are located in the span of
1574-1610 cm™' in contrast to the free ligand bands
at 1613 cm™. This shift may be caused through the
coordination of metal ions with two azomethine
groups. The second characteristic is found in the
band or frequency at (500-600) cm™' due to (M-N)
stretching®'-2, which showed the metal ions were
definitely coordinated with the produced Schiff base
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via the N atom. This band was not seen for the free
Schiff base, confirming that the metal ion and Schiff
base had formed an M-N bond in all of the complex
compounds. The band that was found falls between
3440 and 3510 cm™ and can be characterized to
the vibrating frequencies of the Schiff base's (O-H)
bond, which is not correlated (coordinated) with the
metal ions. A band at (3045-3165) cm™ range was
seen as a result of the Schiff base's aromatic (C-H)
vibration. A band within the span of (3300-3500)
cm™ was discovered for the stretching of v(NH,)
modes. A strong value was ascribed to the non-
coordinate nitrate in each complex, and this value
is supported by the conductivity measurement
readings for each complex. The values vary from
1383 to 1885 cm™.

Table 3: IR (infra-red spectra) information of the ligand & its metal complexes (cm-')

SB and metal complexes v (O-H) v (NH,) v (C=N) of aromatic ring v (C-H) v (M=N)
[Ni(C,;H,,N,0),]>* 3435.64 3318.46 1607.94 3126 578.39
[Cu(C,,H,,N,0), 1> 3436.03 3305.10 1610.92 3205.14 510.33
[Co(C, H,,N,0),1>* 3551.30 3411.64 1609.55 3056.84 515.75
[Cd(C,,H,,N,0),]** 3421.54 3303.10 1574.79 3042.99 523.98

SB*(C ,H,,N,0) 3402.29 3318.33 1629.73 3010.37 -

*Schiff base

Figures 2a, 2b, 2¢, 2d, and 2e demonstrate
spectra of FT-infrared for the Schiff base and its

Fig. 2(a). FTIR spectra for Schiff base

Fig. 2(c). FTIR spectra for Cu? complex with Schiff base

combinations with transition metal ions of Ni?*, Cu?*,
Co?* and Cd?* are displayed as below:

Fig. 2(b). FTIR spectra for Ni?* complex with Schiff base

Fig. 2(d). FTIR spectra for Co?* with Schiff base
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Fig. 2e. FTIR spectra for Cd* with Schiff base

Fig."H NMR spectra analysis

Ligand’s structure was confirmed by
applying the '"H NMR spectral data.The ligand
(SB)'s 'H NMR spectra, which were recorded in
DMSO solvent (Fig. 3), revealed well-resolved
signals for the ligand's protons. The compounds'
'H NMR spectra were obtained in the identical
circumstances. For the aromatic protons, the
spectra showed a multiplet at 5 6.50-7.65ppm. In
the case of the Schiff base, the imine (-CH=N-)
and (-NH,) protons displayed two singlets at 5 8.48
and 5.24ppm, respectively, which shifted to 6 8.01
and 5.08ppm for the complex. This implies that the
nitrogen (-NHZ) and azomethine (-CH=N-) have
been coordinated to the metal center. Additionally,
a singlet was detected at 8 9.54ppm for the
ligand's phenolic proton, which does not alter upon
complexation.

Fig. 3. 'H NMR spectra of Schiff base

Magnetic Moment and Electronic Spectra
Magnetic moment values of the
produced compounds at normal condition are
shown in Table 4. From the data, it is observed
that the mass susceptibility values for Ni2*, Cu?*
and Co?* are positive but for Cd?* is negative.
Table 4 also lists the outcomes of the calculation
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of the magnetic moment for each metal complex
using mass susceptibility data. Regarding two (2)
unpaired electrons, 3.27 B.M. was discovered to
be the magnetic moment value for Ni2* complex.
This value demonstrates paramagnetic and
high spin tetrahedral geometry of Ni>* complex.
The values of 2.45 B.M. and 3.99 B.M. as
magnetic moment for Cu?* and Co?* complexes,
respectively, confirm one and three unpaired
electrons. Therefore, Cu?* and Co?* complexes
are both high spin tetrahedral complexes with
one and three unpaired electrons, respectively,
as indicated by the magnetic moment data. The
lack of magnetic moment was attributed to the
Cd?* complex's mass susceptibility having a
negative value. The Cd? complex's diamagnetic
magnetic moment worth indicates the lack of
unpaired electrons, as indicated by the negative
mass susceptibility value. Consequently, it can
be said that Cd?* has a diamagnetic character.
The attractive second information indicates that
the Cd?* combination is a tetrahedral complex
with a low spin33.

The electronic spectra for all complexes
show a broad range of bands because of ~-CH=N-.
The result of the metal and ligand's electron
cooperation is charge movement, which can include
both either ligand-to-metal and metal-to-ligand
electron movement®®. The bands seen in the 235-
265nm region are caused by the C=N group® due
to n—7* transition. Because nitrogen participated in
coordination with the metal ion, the band was moved
up to a more elevated range.

The absorption band is visible in the
310-370nm region because of the n—r* transition
from the imine group that corresponds to the
metal complexes or ligands. The compounds'
electronic spectrum data are displayed in Table
5. DMF solvent was used in order to evaluate the
electronic spectra for all the produced complexes.
In the complexes of Ni?*, Cu?*, Co?* and Cd?* ions,
the electronic spectra bands at 310nm, 270nm,
260nm and 308nm were observed, respectively.
These bands of the compounds were observed in
the region of 200-420nm. These bonds were only
reflected due to charge transfer in the specified
range (200-420nm)34.
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Table 4: Analytical data for magnetic moment of the complexes

No Complexes  Length Weight Susceptibility Susceptibility =~ Mass Molar Molar ~ Diamagnetic ym_, x10° u_.in
of the of the of the ofthe  susceptibility weight susceptibility correction C.G.S.unit B.M.

sample sample emply sample X x10°¢ of the X x10°¢ X x10°®

Tinem ‘m’ing  tube ‘R,  withtube‘R  CGS Unit sample, M CGS Unit  CGS Unit
1 [Ni(C,H,N,0),]** 2.1 0.0252 -63 -16 8.710 482.69  4204.22 -257.40  4461.62 3.27
2 [Cu(C,H,N,0),]** 22 0.0278 -55 -27 4.622 487.50 2253.27 -255.40  2508.62 2.45
3 [Co(CH,,N,0),]** 2.7 0.0300 -65 +11 13.91 482.93  6379.50 -257.40  6636.90 3.99
4 [Cd(C,,H,N,0),]** 2.0 0.0228 -53 -58 -0.724 536.41 -388.36 -259.40 -128.96  Dia.

Table 5: The results of electronic
spectral for metal complexes

No Complexes Ainax (NM)
1 [Ni(C,;H,,N,0),]** 310

2 [Cu(C,,H,,N,0),]** 270

3 [Co(C,,H,,N,O),]** 250

4 [Cd(C, H,,N,0),]** 308

Antibacterial screening of the metal complexes:
Estimating the zone of hindrance assessed

surrounding the location, as shown in Table 6,
allows for the communication of antimicrobial
exercises of the test samples (Schiff base & their
metal complexes). The results showed that the
metal complex compounds are more toxic to
microorganisms than either ligands or free metal
particles (ions). The metal complexes were assessed
towards the four pathogenic bacteria were tested
and it was observed that complexes categorically
exhibited moderate to low levels of activity.

Table 6: Antimicrobial activity for Schiff base, metal complexes & standard kanamycin

Compounds Inhibition zone, diameter in mm
E. coli S. dysenteries B. cereus S. agalactiae

Schiff base Nill Nil Nil Nil
[Ni(C,,H,,N,0), ] 8 15 15 12
[Cu(C,,H,N,0),],, 19 9 7 15
[Co(C,,H,,N,0),]* 6 11 5 9
[Cd(C,H,,N,0),* 9 - 6 7

Kanamycin® 32 26 32 31
DMSO (Control disc) Nil Nil Nil Nil

The results also revealed that these
metal structures, or complexes, exhibited
strong resistance to both Gram-positive and
Gram-negative microscopic organisms (bacteria)
in all of the instances that were studied. The
graphical representation of the activity for
the standard Kanamycin, Schiff base and its
complexes towards two Gram-negative
(E. coli, S. dysenteriae) and two Gram-negative (B.
cereus and S. agalactiae) bacteria are demonstrated
below (Fig. 4). The Ni#* as well as Cu?* complex
compounds exhibited the good performance against
above four pathogenic bacteria among the four
complexes. Complex Cd?** showed zero activity
against Streptococcus agalactiae whereas it exhibited
less activity for the remaining three bacteria.

Conversely, Cu?* compound demonstrated

more potency (highest activity) compared to other
metal complexes against Escherichia coli. Co*
complex compound showed significant activity
against all bacteria (pathogenic). All the outcomes
are related with the standard antibiotics like,
ampicillin and kanamycin. Ampicillin and Kanamycin
both showed almost the same activity against four
pathogenic bacteria. Therefore, analytical result for
kanamycin is only mentioned in the above Fig. 2. The
activity showed for the metal complexes are smaller
compared with standard Ampicillin and Kanamycin as
noticed in the Table 6. From table, it is clearly observed
that the synthesized Schiff base did not display a
little activity against all four bacteria. Therefore, it is
also crystal clear that the metal ions in the complex
compounds are responsible to play the key role to
show good activities, because the ligand did not show
any activity against any pathogenic bacteria.



HOSSAIN et al., Orient. J. Chem., Vol. 40(5), 1449-1459 (2024)

Fig. 4. Ni?*, Cu*, Co?*" and Cd* metal ion complexes
& Schiff base’s antimicrobial activities against four
pathogenic bacteria. Kanamycin was used as standard

CONCLUSION

Magnetic susceptibility data, or magnetic
moment values, confirm that the Cd?* complex with
Schiff base is diamagnetic in nature, whereas the
Ni2*, Cu?* and Co?* complexes with the same one
are paramagnetic. Every single metal particle (i.e.,
ion) was revealed to be coordinated by two Schiff
base’s N (N of -N=CH- and N of amine group of
Schiff base) atoms. The values of magnetic moment
for Cd?* complex reveal tetrahedral structure with
low spin form, while other three metal ions Ni?*, Cu?*
and Co?* with Schiff base have high spin along with
tetrahedral structure. Additionally, the electronic
spectrum data confirmed that each compound has
a tetrahedral structure. Each and every compound
was found to be ionic in nature based on the
molar conductivity values. Stretching frequencies
(IR data) for uncoordinated nitrate ions confirm
that the nature of the entire complexes are ionic,
which is also affirmed by the molar conductivity
values. It is concluded that for every complex, the
free nitrate ion is situated outside the coordination
sphere. As demonstrated by standard Kanamycin
and Ampicillin, the Cu?* complex exhibits the most
notable (extreme strong) antibacterial effect towards
Gram-positive and Gram-negative harmful germs

1456

(microorganism). Antibacterial movement of Schiff-
based Ni?*, Co?* and Cd?* structures (complexes)
against examined harmful microscopic organisms
is moderate to low.

The nitrogen of amine group and of the
azomethine group were discovered to coordinate
the ligand (SB), generating stable chelates with a
metal to ligand ratio of 1:2. It was demonstrated that
at room temperature, the metal complexes remained
stable. The results of all the aforementioned studies
and examinations pointed to the creation of stable
metal complexes by the selected metal (Il) ions,
amine, and nitrogen donor Schiff base ligand. It
was also shown that the complexes of Cu?* and
Zn? ions exhibited more enhanced antibacterial
activities than the ligand.
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