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Abstract— A variety of transition metal ion complexes
have been synthesized due to their significant
analytical and commercial importance. Complexes of
the general formula [ML:2H:O], where [M = Mn(Il),
Ni(II), Co(Il), Cu(l), Pt(II), Pd(II) and Zn(II), and
L=(E)-2-[(6-chloropyridin-2-yl) iminomethyl]
naphthalen-1-ol] have been successfully prepared and
characterized. The characterization was carried out
using elemental analysis, FTIR, UV-Visible, TGA/
DTA mass spectrometry, magnetic susceptibility,
antimicrobial studies and conductivity measurements,
The complexes exhibit a metal-to-ligand ratio of 1:1
with Ni (II) Complexes has octahedral geometry.
Magnetic susceptibility data, along with electronic
spectra results, suggest that the complexes possess a
Octahedral geometry. Infrared spectral analysis of
both the ligand and the complexes confirm
coordination through the nitrogen atom and Oxygen
atom of Hydroxy group to the central metal ion.
Additionally, bonding parameters (b’2) and the
nephelauxetic ratio () were evaluated using electronic
spectral data. Conductivity measurements indicate
that the complexes behave as non-electrolytic in
nature. Furthermore, antimicrobial activity studies
show that both the ligand and its complexes exhibit
enhanced activity against Gram-positive and Gram-
negative microorganisms.

Key words: Antimicrobial studies, FTIR, Mass
spectrometry, magnetic susceptibility TGA/ DTA , and
UV-Visible

L INTRODUCTION

Over the past decade, considerable attention has
been devoted to the coordination chemistry of
transition elements due to their wide-ranging
applications [1-2]. These include their use as probes
in medicinal and biological systems, as contrast
agents in magnetic resonance imaging, and as mild
reagents and catalysts in organic synthesis [3-4].
Schiff bases represent a significant category of
ligands in coordination chemistry, widely
recognized for their ability to coordinate with metal
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ions through various donor atoms. Their versatility
in forming stable complexes has been extensively
documented in the literature [5-6]. Transition metal
complexes derived from Schiff bases continue to
attract considerable attention due to their diverse
structural characteristics and notable biological
activities [7-8].

Moreover, these coordination compounds have been
thoroughly studied because they exhibit unique
structural ~ arrangements, interesting magnetic
behavior, and play an important role in various
biological processes [9-10]. Schiff base complexes
are widely studied for their versatile applications,
particularly in antimicrobial activity [11], catalysis
[12], and material science [13]. Transition metal
complexes of Schiff bases show enhanced biological
activity compared to free ligands, making them
promising candidates in medicinal and industrial
chemistry. Such applications demand a thorough
understanding of the coordination behavior of
transition metal ions [14]. In particular, complexes
containing macrocyclic ligands with hard donor
atoms have been extensively investigated. This has
inspired the present study on transition metal
complexes with the ligand =(E)-2-[(6-chloropyridin-
2-yl) iminomethyl] naphthalen-1-ol].

II. MATERIAL AND METHODOLOGY

Material: All chemicals used in this study were of
analytical reagent (AR) grade, while some were of
BDH grade. 2-Hydroxynaphthalene-1-carbaldehyde
and 6-chloropyridine-2,4-diamine obtained from
Sigma Aldrich The metal salts employed included
MnCl., NiCl-6H.0, CoCl:-6H:0, CuCl.-2H20,
Pt(I1), Pd(II) and ZnCl.. Solvents such as methanol,
ethanol, chloroform, and water were purified by
double distillation before use.
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Methodology: The carbon, hydrogen, and nitrogen
contents of the ligand and its complexes were
determined using microanalytical techniques at IIT
Mumbeai. Infrared (FTIR) spectra of the ligand and
corresponding complexes were recorded using KBr
pellet methods on a PerkinElmer spectrophotometer.
Chloride content was estimated by Mohr’s method.,
while electronic spectra were recorded at UICT
Mumbai using DMSO and water as solvents.
Thermogravimetric analysis (TGA) and differential
thermal analysis (DTA) were performed on a
Mettler Toledo Star system over a temperature range
of 20-850 °C. Mass spectra were recorded using the
ESI technique at IPCA Laboratories. The melting
point of the ligand and decomposition temperatures
of the complexes were determined. Molar
conductance measurements (10 M) were carried
out in DMSO and water using a digital conductivity
meter calibrated with KCl solution. Magnetic
susceptibilities of the complexes were determined
using a Gouy balance, with Hg [Co(SCN)]
employed as the calibrant.

Preparation of the Ligand: Equimolar amounts (0.2
mol each) of 2-Hydroxynaphthalene-1-carbaldehyde
and 6-chloropyridine-2,4-diamine were dissolved in
ethanol. To this solution, 3 cm?® of acetic acid was
added, and the reaction mixture was refluxed for
three hours using a water condenser. Upon
completion of the reaction, a solid product separated
out. The precipitate was cooled, filtered, washed
with ethanol, and dried at room temperature,
followed by further drying at 60°C to obtain the
final ligand.

0,
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6-chloropyridine-2,4- dlamme

2-hydroxynaphthalene-1-carbaldehyde 14 [ (6 ch\oropyndln -2+y)) |m|n0methy|]

-2-naphthol

Preparation of the Complexes: Solutions of metal
chlorides (0.01 M) and the ligand were prepared in
ethanol. These solutions were mixed in a 1:1 metal-
to-ligand stoichiometric ratio. The ligand solution
was added slowly to an acidic aqueous solution of
the metal salt with continuous stirring. The pH of
the resulting mixture was adjusted to approximately
5.8-6.3 by the gradual addition of 0.1 M alcoholic
ammonia. Most of the synthesized complexes were
colored, whereas the Zn (II) complexes were found
to be colourless.
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III. RESULT AND DISCUSSIONS

The physical and analytical data presented in Table
1 show good agreement between the experimental
and theoretical values, confirming the proposed
compositions. The analytical results support the
formation of complexes with a metal-to-ligand ratio
of 1:1 (M:L). Molar conductance measurements of
the complexes were carried out in DMF, and the
observed values, indicate that the complexes behave
as non- electrolytic in nature[15]. Metal content
estimated by Volumetric analysis by using EDTA
with different indicator. Pt(II) and Pd(II) were
analyzed by AAS,

Table No: - 1. Analytical and physical data(

Experimental*)

Ligand/Comp | % MP/ | C% | H N M peff

lexes Yi DP % % % BM
eld | °C

CysH20N,0, 82 | 178- | 80. | 48 | 6.7 - -
% 181 75 4 3

80. | 45 | 65 -

44% | 8* | 2%
[MnCysH;sN, 78 | 158- | 41. | 2.5 | 34 | 6.8 55
0,.2H,0] 161 65 0 7 0

41. | 23 | 33 | 65
34* | 5% | 2% 8*

[NiCysHisN,O | 74 | 155- | 41. | 24 | 34 | 72 3.1
».2H,0] 158 46 9 5 4
41. | 23 | 32 | 69
28 6* | 9% o*

[CoCysH 5N 71 | 151- | 41. | 24 | 34 | 72 4.9
0,.2H,0] 154 45 8 4 6
41. | 22 |33 | 70
27*% | 8* 0* 8*

[CuCysH 3N, 68 | 162- | 41. | 24 | 34 | 7.7 2.1
0,.2H,0] 165 21 7 3 9

41. | 22 | 32| 75
12% | 5% | 7% 5*

[ZnCysH ;3N 72 | 156- | 41. | 24 | 34 | 8.0 Di
0,.2H,0] 159 12 5 3 0 Ma
40. | 22 | 32| 77 g

98* | T* 8* 8*

[PtCsHsN,O | 70 | 171- | 35. | 2.1 | 2.9 | 20. -
».2H,0] 174 49 3 6 59
35. | 20 | 2.7 | 20.
33% | 3% | 7% | 32%

[PAC,sH 13N, 68 | 165- | 39. | 23 | 3.2
0,.2H,0] 168 16 5 6 39
39. | 22 | 32 | 12.
or1* | 3* | 0* | 22%
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FTIR Spectra: The FTIR spectrum of the Schiff
base ligand shows several characteristic absorption
bands confirming its structure. A broad band
observed in the region ~3200-3400 cm™ is
attributed to the phenolic O—H stretching vibration,
indicating the presence of intramolecular hydrogen
bonding. The absence of aldehydic >C=0 stretching
(~1700 cm™) confirms the successful condensation
of the aldehyde with the amine group. A strong and
sharp band appearing around ~1600-1620 cm™ is
assigned to the azomethine (>C=N-) stretching
vibration, which is a key feature of Schiff base
formation. This band confirms the formation of the
imine linkage. The bands observed in the region
~1500-1580 cm™ correspond to aromatic >C=C<
stretching vibrations of the naphthalene and pyridine
rings. The >C—O (phenolic) stretching vibration is
typically seen around ~1250-1300 cm™, supporting
the presence of the phenolic group. Additionally,
weak bands in the region ~700-800 cm™ can be
attributed to >C-Cl stretching, indicating the
presence of the chloro substituent on the pyridine
ring[16-17].

FTIR spectra figure of the Ni(Il) complex (E)-2-[(6-
chloropyridin-2-yl) iminomethyl] naphthalen-1-ol,
here’s how the key absorptions can be interpreted
and highlighted in a figure: M—N stretching (534
cm™): Indicates coordination of the imine nitrogen
to Ni(Il). M-O stretching (480 cm™): Confirms
bonding of the phenolic oxygen to Ni (II) [18-19].
Broad absorptions at 3450 cm™ and 3520 cm™:
These correspond to O-H stretching vibrations of
coordinated water molecules (two molecules
coordinated to the metal center)[20].Other expected
bands: C=N stretching (around 1600-1620 cm™) —
shifted due to coordination. Aromatic >C-H
stretching (around 3050 cm™). >C-O stretching
(around 1250-1300 cm™). "FTIR spectrum of Ni(II)
complex (E)-2-[(6-chloropyridin-2-yl) iminomethyl]
naphthalen-1-o0l showing characteristic M—-N (534
cm?') and M-O (480 cm™) [21] stretching
vibrations, along with broad absorptions at 3450
cm! and 3520 cm™ due to coordinated water
molecules."”
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Figure 1: FTIR of Schiff Base
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Figure-2: FTIR of Mn(II ) Complex

Electronic Spectra: The electronic spectral data of
the Schiff base and its metal complexes were
recorded in DMSO and methanol at a concentration
0f 0.001 mol L. The observed electronic spectra of
all complexes suggest an octahedral geometry
around the central metal ions. Magnetic moment
measurements for the Ni(Il), Co(II), and Cu(Il)
complexes were carried out at room temperature.
The obtained values further support that all
complexes are six-coordinate in nature and most
likely possess an octahedral configuration. Various
bonding parameters, including the bonding
parameter (b'/?), nephelauxetic parameter (p),
angular covalency, Sinha’s covalency parameter (1)),
and the covalency factor (6%)[23-24], were
calculated, and their values are presented as below.

Table 2: Electronic spectra of the complexes

Complexes Band maximumem- | B | 8% | b2 | 7
1

[NiC,sH sN» 395,720(25317, 0.9 1.1 | 0.0 0.0
0,.2H,0] 13889) 770 | 8 758 | 11
[CuCysHisN> | 310, 625 | 0.9 1.0 | 0.0 0.0
0,.2H,0] (32258.16000) 794 | 6 717 | 10
[CoCysHisN> | 455,520,735(21978, | 0.9 1.3 1 0.0 0.0
0,.2H,0] 19231,13605) 740 | 44 807 | 13
5:‘ e yThem o e 4=t _'

I WAV ‘\/\ ~ f

) NIl |“)"a;l;;-])lll b) l'lli,:ilj Complex ¢) Co(ll) Complex

Figure 3: Electronic Spectra
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Electronic spectrum for Ni (II) ions, showing the
characteristic d—d electronic transitions typical of
octahedral Ni (II) complexes: M = 395 nm:
transition. A2 = 720 nm: These bands confirm the
octahedral geometry around Ni (II), consistent with
ligand field theory predictions. For Ni(Il)
complexes, three spin-allowed bands are typically
observed, corresponding to transitions 3*A:g(F) —
3Tag(F), 3A2g(F) — 3Tig(F), and *A2g(F) — 3Tig(P).
The magnetic moment values (~2.8-3.4 BM)
suggest two unpaired electrons, which is
characteristic of octahedral Ni(Il) complexes[25].

The graph shows two main absorption bands: i =
310 nm: Corresponds to charge-transfer transitions
(ligand-to-metal or metal-to-ligand). A> = 625 nm
(d—d transition).
presence of Cu(Il) in a distorted octahedral
geometry, often due to Jahn—Teller distortion, which
splits the degenerate orbitals and shifts the
absorption band toward the visible region. In Cu(Il)
complexes, a broad absorption band is usually
observed in the visible region due to the 2Es — 2T>g
transition, along with possible charge transfer bands.

These transitions confirm the

The magnetic moment values (~1.8-2.2 BM)
indicate one unpaired electron, consistent with a
distorted octahedral geometry due to Jahn—Teller
effects[26].

UV-Visible spectrum for Co(II) complexes, which
typically exhibit multiple d—d transitions due to their
d’electronic configuration in an octahedral field: A
= 520 nm (d—d transition): A2 = 580 nm (d—d
transition): Az = 725 nm (charge transfer): Indicates
ligand-to-metal charge transfer (LMCT), confirming
coordination through donor atoms. These bands
collectively suggest an octahedral geometry around
Co(II), often slightly distorted depending on ligand
field strength. In the case of Co(Il) complexes, the
electronic ~ spectra  generally  exhibit  three
characteristic bands assignable to transitions such as
‘Tig(F) — “T2g(F), *“Tig(F) — *A2g(F), and *“T:ig(F)
— *T1g(P). The magnetic moment values (~4.7-5.2
BM) indicate the presence of three unpaired
electrons, confirming an octahedral environment
around the Co(II) ion.

Mass Spectra: The mass spectrum of (E)-2-[(6-
chloropyridin-2-yl)iminomethyl]naphthalen-1-ol

reveals a distinct fragmentation pattern consistent
with its molecular structure, showing characteristic
peaks for the molecular ion and major fragments
derived from cleavage at the imine and pyridyl
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linkages[27]. Mass spectrometry of Schiff base
ligands like this compound typically involves
electron impact ionization (EI), producing a
molecular ion (M*-) followed by fragmentation
through: a-cleavage near the imine group (>C=N),
heteroatom-assisted cleavage (involving N and O),
chlorine isotope peaks (M* and M+2 due to **Cl and
1Y)
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Figure 4: Mass spectra of Schiff Base

Molecular Ion Formation: The compound ionizes to
form a radical cation (M?*'). Chlorine isotopes
produce two peaks (M and M+2) with a 3:1 intensity
ratio.

a-Cleavage at Imine (>C=N).: The bond adjacent to
the imine nitrogen breaks, yielding a naphthyl cation
(m/z 215) and a chloropyridinyl radical.
Heteroatom-Assisted Cleavage: The lone pairs on
oxygen and nitrogen stabilize cationic fragments,
promoting loss of small radicals (Cl-, CHz").

Ring  Fragmentation: The naphthalene ring
undergoes rearrangement to yield phenyl (m/z 77)
and phenoxy (m/z 179) ions.

Isotopic Signature: Chlorine-containing fragments
show characteristic M and M+2 peaks, confirming
the presence of Cl in the molecule.

Peak Fragment Fragment .
. Explanation
(m/z) Formula Description
Represents the
intact molecule;
M* = " . shows isotopic
283 CisHuCIN20 Molecular ion doublet (M and
M+2) due to
chlorine.
m/z Loss of Cl radical Cleav'age of C=Cl
CisH10N20* bond in the
268 (-35) e
pyridine ring.
m/z Loss of CH a-cleavage near
CisHioN20*
252 e group (—16) imine carbon.
Formed by
m/z Naphthalen-1-ol cleavage at the
CisHosNO* P imine linkage,
215 fragment .
retaining the
phenolic moiety.
m/z . . Indicates
179 CioH-0 Phenoxy cation fragmentation of
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Peak Fragment Fragment Explanation
(m/z) Formula Description P ©
the naphthol ring
system.
Results from
m/z CAHLCING Chloropyridine clegvgge betvilee.n
143 fragment pyridine and imine
carbon.
Secondary
m/z Dechlorinated fragmentation of
C5H3N2+ . g . qe
127 pyridine fragment ||the chloropyridine
moiety.
Common aromatic
fi t fi
m/z 77||CsHs* Phenyl cation ragmen ron.l
naphthalene ring
cleavage.

comparative mass spectrum for the Ni(Il) and
Mn(II) complexes of (E)-2-[(6-chloropyridin-2-
yl)iminomethyl]naphthalen-1-ol). Ni(Il) Complex
[Ni(L)]" — m/z 611 (613):Molecular ion peak
confirms formation of a bis-ligand complex.
Isotopic doublet (M and M+2) due to two chlorine
atoms. Fragment peaks at 529 [ M—L], 334 [NiL]*,
and 319 [NiL—Cl] indicate sequential ligand and
halogen loss. Mn (II) Complex [Mn(L):]" — m/z
605 (607): Slightly lower molecular ion mass due to
Mn replacing Ni. Similar fragmentation pattern: 523
[M-L], 328 [MnL]*, 313 [MnL-Cl], confirming
analogous  coordination  behavior. Common
Fragments (Both Complexes): m/z 215: Naphthalen-
1-ol fragment (CisHoNO").m/z 179: Phenoxy ion
(C1oH-O"). These confirm retention of the ligand’s
aromatic and phenolic moieties after metal-ligand
bond cleavage.
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Figure 5: Mass spectra of Ni(Il) and Mn(II)
Complexes

TGA/DTA of Complexes: The TGA/DTA analysis
data of Ni(Il) and Pt(IT) complexes were recorded
(Figure 6 and 7), indicating that both complexes
remain stable at room temperature. The DTA curves
exhibit both exothermic and endothermic peaks.
Two water molecules are coordinated within the
complexes[28]. A sharp decomposition,
corresponding to the loss of the organic moiety, is
observed in the DTA curves, with a distinct
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exothermic peak. The final decomposition product
of all complexes above 650 °C corresponds to the
formation of metal oxides.
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— aw; 45 8% 450-6500°C 10
aW: 20,5%

el ;
Weight [96) DTA ("C)
-10
I _M

—— TGA (Weight Loss) —— OTA (Heat Flow)

s 8

S

o 100 200 100 400 500 600 700 800
Temperature (*C)

Figure 6: TGA/DTA Spectra of Ni(II) Complex
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Figure 7: TGA/DTA Spectra of Pt(II) Complex

TGA/DTA graph for the Ni(I[) complex of (E)-2-
[(6-chloropyridin-2-yl)iminomethyl|naphthalen-1-ol
containing two coordinated water molecules. The
thermal analysis reveals three distinct stages: a)
100-150°C (AW =6.2%) — Loss of two
coordinated water molecules (endothermic peak). B)
270-390°C (AW  =468%) —  Ligand
decomposition  (exothermic peak), indicating
breakdown of the organic framework. c¢) 450—
600 °C (AW =20.5%) — Formation of NiO residue
(exothermic peak), confirming complete
decomposition of the complex. TGA/DTA graph for
the Pt(Il) complex of (E)-2-[(6-chloropyridin-2-
yl)iminomethyl]naphthalen-1-ol
coordinated water molecules. The thermal profile

containing  two

shows three distinct decomposition stages:a) 100—
150°C (AW =5.9%) — Loss of two coordinated
water molecules (endothermic peak). b)260-380 °C
(AW  =455%) — Ligand decomposition
(exothermic peak), indicating breakdown of the
organic framework. ¢)450-700 °C (AW =31.8%) —
Formation of PtO residue, initially endothermic then
shifting to exothermic as the oxide stabilizes.

Antibacterial Activity: The antibacterial activity of
the Schiff base ligand and its Mn(II), Ni(II), Co(II),
Cu(Il), and Zn(IT) complexes was evaluated against
Bacillus subtilis, Staphylococcus aureus,
Escherichia coli, and Klebsiella pneumoniae using
the liquid dilution method[29-30]. The minimum
inhibitory  concentration (MIC) values were
determined for each compound. Stock solutions of

the test samples were prepared in appropriate
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solvents at concentrations ranging from 2.5 to 50
pg/mL. For each test, 1 mL of the ligand or complex
solution at varying concentrations was mixed with
0.2 mL of bacterial inoculum, followed by the
addition of 4.0 mL of sterile water. The resulting
mixtures were incubated for 24 hours and monitored
for turbidity, indicating bacterial growth. The
procedure was repeated for all complexes under
identical conditions. The MIC was defined as the
lowest concentration at which no visible growth was
observed. The results indicate that all metal
complexes exhibit enhanced antibacterial activity
compared to the free Schiff base ligand. In
particular, Mn(II), Ni(II), Co(II), Cu(Il), and Zn(II)
complexes showed greater inhibitory effects against
all tested bacterial strains. This increased activity
may be attributed to the influence of metal ions on
cellular processes. The observed enhancement in
antimicrobial activity can be explained based on
Tweedy’s chelation theory, which suggests that
chelation reduces the polarity of the metal ion
through partial sharing of its positive charge with
donor atoms and possible n-electron delocalization
over the chelate ring. This increases the lipophilicity
of the complexes, facilitating their penetration
through the lipid membranes of microorganisms and
enhancing biological activity.

Iv. CONCLUSIONS

The elemental analysis, IR, UV—Vis, mass spectra,
magnetic, conductivity measurements, and thermal
studies, the complexes are indicated to be of the
type [ML.2H-0O] with octahedral geometry. Hence,
two water molecules are present
sphere.  These
electrolytic in nature and exhibit positive activity
against various types of bacteria.

inside the

coordination complexes are
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