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Article Info Abstract

Article history: Complex [Ni(3-NHpy),Cl.] was successfully synthesized through the reaction
between NiCl..6H.O with 3-NH.py ligand with a mole ratio of 1:4 using the
hydrothermal method at 120°C for 4 hours. The complex was characterized using
the melting point test, electrical conductivity, FT-IR, and SC-XRD. The complex
compound decomposed at 215°C. Typical absorption bands of 3-NH.py ligand
appeared in the FT-IR spectrum of the complex at wave numbers 3375, 3323, 1585,
and 1303 cm™, indicating the presence of -NHa, -NH;, C=N, and -C-NH,
functional groups. The complex compound is an ionic compound that crystallizes
in a distorted octahedral structure with a triclinic crystal system and space group
Pi(a = 7.6428(8) A, b = 8.5384(8) &, ¢ = 9.8610(13) A and o = 73.920(4)°, b =
70.149(3)°, g = 71.036(2)°). The R-factor value is 4.48%, which shows the
refinements are very close to the original structure. Based on the Hirshfeld
surface analysis, the intermolecular interaction of N-H~Cl occurs between the H
atom of the amine group and the ligand Cl in another molecule. Antibacterial
activity tests against S. aureus and E. coli using chloramphenicol as a positive
control. The results showed the inhibition zone diameters for both bacteria were
6.90 mm, higher than that of their free ligand.
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NH.py),]Cl>2CH;0H  [12],
[Ni(py)-CL] [14].

1. Introduction [Co(py).CL] [13], and

Aminopyridine (NH.py) is one of the six-membered

heterocyclic compounds extensively studied in recent
years [1]. NH.py-based complex compounds have special
attention due to their potential as antibacterial agents [2,
3, 4], photocatalytic degradation [5], magnetic properties
[6], and catalyst [7]. NH,py has three isomers: 2-NH.py,
3-NH.py, and 4-NH.py [1]. Most x-NH.py ligands act as
monodentate ligands through the nitrogen donor atom in
the pyridine ring, forming monomer complexes in their
coordination mode [8, 9, 10]. However, in the complex
[M(U2-3—NH2py)(H20)4]804Hzo (M = Ni and CO), the
x- NH,py ligand acts as a bridging ligand through the
nitrogen donor atom from the pyridine and the nitrogen
donor atom from the -NH. group [11]. Transition metal
complex with py or x-NH.py and the Cl- ligands that have
been synthesized tend to form monomeric structures, as
shown in the complex [Zn(4-NH.py).Clx] [4], [Cu(4-

Ni(II) complexes are important to study due to their
potential as antibacterial agents [14], antifungal [15],
antitumor [16], and catalyst [17], offering promising
opportunities for further development as advanced
materials. These complexes can exhibit coordination
numbers of 4, 5, or 6 [18, 19]. A coordination number of
4 may lead to either square planar [20] or tetrahedral
geometries [21], while a coordination number of 5 can
result in trigonal bipyramidal [22] or square pyramidal
geometries [23]. A coordination number of 6 typically
forms an octahedral geometry [8, 9], which is the most
commonly observed among Ni(II) complexes. Ni(II)
complexes with aminopyridine have been successfully
synthesized previously, including [Ni(4-NH.py).(NCS)21n
(8], [Ni(2-NH2py)2(NCS).]-C,H10 (9], [Ni(3-
NH.py)2(NCS)(H20)]-2H,0 (9], and [Ni(4-
NH.py)2(0-CCH3)2(H20).] [10]. Complexes [8] and [10]
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have been evaluated for their magnetic properties,
exhibiting antiferromagnetic and paramagnetic
behavior, respectively.

Previous studies have successfully synthesized
compounds similar to the complex presented in this
paper, such as [Ni(py):Cl.] [14]. Based on FT-IR,
3C- NMR, and 'H-NMR analyses, the reaction product
was found to contain a mixture of two isomers: cis-
[Ni(py).Cl.] and trans-[Ni(py).Cl.]. Both complexes have
been tested for antibacterial activity and demonstrated
greater effectiveness than their corresponding free
ligands. This suggests that the coordination bond
between the metal center and the ligand plays a crucial
role in enhancing antibacterial activity.

This article discusses the synthesis and
characterization of the Ni(II) complex with the pyridine
derivative (3-NH.py), using a higher amount of the
ligand. Based on the potential antibacterial properties of
the 3-NH.py ligand, a higher ligand concentration is
expected to improve the complex’s interaction with
bacterial cell membranes and enhance antibacterial
activity. Moreover, the presence of amine groups, which
can directly interact with the bacterial membrane [24], is
anticipated to further strengthen the antibacterial effect
of the complex.

2. Experimental
2.1. Materials

NiCL.6H.0 (Merck, 98%), 3-aminopyridine (Merck
Millipore, 98%), and distilled water.

2.2. Procedures
2.2.1. Synthesis of the Complex [Ni(3-NH-py);Cl.]

The synthesis procedure for the complex [Ni(3-
NH.py),CL.] refers to the research by Wijaya et al. [2], with
some modifications to the solvent, temperature, and
synthesis time. The synthesis was performed by reacting
NiCl.6H,0 (0.2377 g, 1 mmol) and 3-NH.py (0.3764 g,
4 mmol) in water as the solvent for 1 hour at room
temperature. Subsequently, the solution was placed in an
autoclave and exposed to hydrothermal processing at
120°C for 4 hours. Then, the mixture was filtered, and the
obtained filtrate was slowly evaporated. After 35 days,
dark green crystals were formed (decomposition at
215°C).

2.2.2. Characterization Techniques

The complex compound was characterized using
several tests, including melting point determination,
electrical conductivity measurement, FT-IR analysis, and
single-crystal XRD analysis. The melting point was
measured using a Fisher-Johns Melting Point Apparatus
at temperatures ranging from 28 to 350°C, with a heating
rate of 20°C/min. Electrical conductivity was measured
using a Cyberscan CON 11/110 conductometer in a
methanol solvent at room temperature. FT-IR spectra
were recorded on a Shimadzu IR Prestige-21 FTIR
spectrometer over a wavenumber range of 500-4000
cm . Crystal structure analysis was performed using a
Bruker D8 Quest single-crystal XRD diffractometer.

2.2.3. Hirshfeld Surface Analysis

Hirshfeld surface analysis was performed using the
CrystalExplorer software [25]. This analysis primarily
serves to visualize intermolecular interactions on the
crystal surface, facilitating understanding of crystal
packing. The strength of the intermolecular interactions
was mapped using a three-dimensional dnorm surface
plotted on a fixed color scale ranging from 0.0870 (red) to
1.294¢4 (blue) [26]. The fingerprint plot was displayed
using a distance range of 1.0-2.8 &, with the distances d;
and de shown on the axes of the graph.

2.2.4. Antibacterial Test

The antibacterial activity of the complex compound
was tested at the Integrated Laboratory of Universitas
Negeri Malang, Indonesia, using the Kirby-Bauer agar
diffusion method. The test was performed against
Escherichia coli (ATCC 25922) and Staphylococcus aureus
(ATCC 25923), with chloramphenicol as a positive
control. A total of 10 mL of nutrient agar was poured into
each petri dish, followed by the addition of 100 pL of
bacterial suspension. The complex compound and
reagents were dissolved in 10% dimethyl sulfoxide
(DMSO) to a final concentration of 5 mg/mL. The
prepared solutions were applied to sterile disks, which
were then placed onto the agar surface. The plates were
incubated at 37°C for 24 hours, after which the diameter
of the inhibition zones was measured.

3. Results and Discussion
3.1. Synthesis of the Complex

The complex [Ni(3-NH.py).Cl.] was synthesized by
reacting NiCL.6H.O with the ligand 3-NH.py in a 1:4
stoichiometric ratio using a hydrothermal method at
120°C for 4 hours. The crystal was obtained after slow
evaporation over 35 days. The crystal form of [Ni(3-
NH.py).Cl.] exhibits notable differences from its starting
materials: NiCl,.6H.O appears as light green crystals,
while 3-NH.py forms dark brown needle-like crystals. In
contrast, the synthesized complex forms flat dark green
crystals (Figure 1), indicating the successful formation of
anew compound distinct from the reactants. The reaction
scheme for the formation of the complex is illustrated in

Figure 1.
HaN
00
Cl \
~ 120°C - /N\N‘\/N /
NICL6ILO  + 4 LEL SN AN +611,0
T
7 g / N (‘:I N NH;
NH, /‘
= AN

Figure 1. Formation reaction of [Ni(3-NH.py),Cl.]
complex
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3.2. Characterization
3.2.1. Melting Point Determination

The melting point was determined to confirm the
formation of a new compound distinct from its reactants.
This indicates a reaction between the reactants, resulting
in a new product that differs from the original materials
[27]. The melting point data for the reactants and the
synthesized compound are presented in Table 1.

As shown in Table 1, the synthesized complex
exhibits a significantly higher melting point,
accompanied by decomposition, which clearly differs
from the melting points of the reactants. This provides
further evidence for the successful formation of a new
compound.

3.2.2. FT-IR Analysis

FT-IR analysis was conducted to determine the
presence of the functional groups of the ligand 3-NH.py
in the complex. Peaks in the spectrum of the complex
[Ni(3-NH2py);CL.] at wavenumbers 1585 and 1293 cm™
indicate the presence of the stretching vibrations of the
aromatic groups C=N and C-NH,, which are characteristic
bonds in the pyridine ring [28, 29]. The symmetric and
asymmetric stretching vibrations of the -NH, group are
indicated by absorption bands at 3323 and 3380 cm™
Aslight shift in the absorption band of the asymmetric
- NH. stretching vibration from 3380 cm™ to 3375 cm™
may occur due to hydrogen bonding between the H atoms
of the -NH, group and the Cl atoms of nearby molecules
[30]. This minor shift suggests that the nitrogen atom of
the —NH. group is not directly involved in coordination
with the metal center.

Additionally, a significant shift is observed in the
ring breathing mode. While the free 3-NH.py ligand
exhibits this vibration at 1015 cm™, it appears at 1023 cm™*
in the complex. This mode indicates coordination of the
pyridine ring with the central ion through the nitrogen
donor atom, reflected by the increase in wavenumber [31].
The interaction reduces the electron density on the
nitrogen atom due to electron donation to the metal
center, resulting in electron delocalization within the ring
and a corresponding blue shift in the IR spectrum. Thus,
it can be concluded that the nitrogen atom in the pyridine
ring is involved in coordination. The FT-IR spectra of the
complex [Ni(3-NH.py).Cl.] and the ligand 3-NH,py are
presented in Figure 2.

Table 1. Melting point data of the reactants and the
synthesized complex [Ni(3-NH.py),Clz]

Melting Point
Compound
P (°C)
NiCl,.6H.O 144-146
3-NH2py 45-50
[Ni(3-NH:py),Cl2] 215-225"

*Decomposition

—— INi(3-NH,py),Cl,]
——3-NH,py

| 1023

303 i
Conp, breathing

3375 3323

Transmittance (%)

~
S / I 1015
3380 3323 1585 1293 ring
N-H,, N-H,,., c=N  C-NH, breathing
T T T T T T

T T
4000 3500 3000 2500 2000 1500 1000 500

Wave number (cm™)

Figure 2. FT-IR spectra of the complex [Ni(3-
NH.py),Cl.] and 3-NH.py

3.2.3. Electrical Conductivity Test

The electrical conductivity test was conducted to
evaluate whether the synthesized complex undergoes
ionization or remains stable in solution. This test
provides insight into the degree of ionization by
measuring the number of molecular ions released into the
solvent. A higher conductivity value indicates a greater
degree of ionization, as the number of ions present in
solution is directly proportional to the measured
conductivity [32]. The electrical conductivity
measurement of the complex (Table 2) shows a
significant increase in conductivity for [Ni(3-NH.py),CL]
compared to the pure solvent. However, its conductivity
remains considerably lower than that of its constituent
salts. This suggests the complex behaves as a weak
electrolyte, undergoing partial ionization in water to
produce [Ni(3-NH.py),]** and 2Cl" ions.

3.2.4. Single-crystal XRD Analysis

The analysis of the [Ni(3-NH.py),Cl.] complex shows
a coordination number of six with an octahedral
geometry. The complex crystallizes in a triclinic system
with the space group Pi. The coordination bonds in the
complex occur between the central Ni(II) ion and four
nitrogen atoms from the 3-NH.py ligands. The 3-NH.py
acts as a monodentate ligand, coordinating to the central
atom through the nitrogen donor atom of the pyridine
ring in the equatorial position, while two Cl- ligands
occupy the axial positions (Figure 3). The crystallographic
data for the complex can be seen in Table 3.

Table 2. Electrical conductivity of the solvent, reactant,

and the complex
Concentration Electrical
Compound (mg/mL) conductivity
& (nS/cm)
H,O0 (solvent) - 9.16
3-NH.py 1 9.24
NiCl,.6H.O 1 934
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Table 3. Crystallographic data of the complex [Ni(3-NHpy);Cl.]

Parameter

Value

Chemical formula
Molecular weight
Temperature
Wavelength
Crystal system

Space group

Lattice parameters

Volume

Z

Type of X-ray radiation
Crystal size (mm)
Absorption correction
Number of reflections for determination
F(000)

Density

Absorption coefficient

h, K, Imax

Tmin, Tmax
Data/Parameters/Restraints
Rindices

CCDC number

C20H2,Cl.NsNi
506.08 g/mol
296.(2) K
0.71073 &
Triclinic

b1
a=17.6428(8)A a =73.920(4)°
b =18.5384(8) A B =70149(3)°
c=9.8610(13) A v = 71.036(2)°
562.28(11)

1

Mo K\a

0.21x 0.2 x 0.15

Multi-Scan

8359

262

1.495 gfcm?

1.125 mm™

9,10, 12

2.5683,26.9528

2461/142/0

Ri = 0.0448, WR> = 0.0922

2427099

Figure 3. Structure of the complex [Ni(3-NH.py),Cl.]

The bond lengths between the Ni(II) metal ion and
the nitrogen donor atoms of the 3-NH,py ligand show

only slight differences, as presented in Table 4. This is due
to the repulsion occurring from the nitrogen atoms in the
ligand, proven by the differences in the bond angles
between the two nitrogen atoms through the central
Ni(II) ion, as shown in Table 5.

The Ni-N bond length ranges from 2.157(3) to
2.166(3) A. These values are not significantly different
from the Ni—N bond length observed in the catena-
[[Ni(n2-3-NH,py)(H.0),]1S0,.H,0] complex, which is
reported as 2.0979(17) A [11]. The difference bond lengths
between Ni-N1 (2.157(3) &) and Ni-N2 (2.166(3) A) is due
to electron cloud repulsion among the ligands, as
evidenced by the deviation in the dihedral angles between
the rings of the 3-NH.py ligand, specifically N1-Ni1—N2—
C10 (51.63°) and N2—-Ni1—-N1 (55.82°). Additionally, the
Ni—N bond lengths are shorter than the Ni—Cl bond
lengths, which is likely due to the larger covalent radius
of chlorine compared to nitrogen [4].
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Based on the bond angle data in Table 5, the complex
exhibits distortion, as indicated by the deviation of the
bond angles from the normal octahedral angle [33]. The
bond angle data of the nitrogen donor atoms through the
central Ni(II) atom in the complex [Ni(3-NH:py),Cl:]
shows varying angles due to the repulsion between
ligands, which leads to the formation of a stable complex
with lower energy [4].

A single molecule of the [Ni(3-NH.py),Cl.] complex
is present within each unit cell of the crystal lattice, as
shown in Figure 4. Several intermolecular interactions are
observed, primarily involving N-H~Cl hydrogen bonds
formed between the hydrogen atoms of the —NH. groups
on the 3-NH.py ligands and the chloride ligands of
adjacent molecules (Figure 5).

Table 4. Bond length data around the central Ni(II) atom
of the complex [Ni(3-NH,py),Cl,]

Interatomic bonds Bond length (&)
Ni1-N1 2.157(3)
Ni1-N2 2.166(3)
Ni1-Cli 2.4757(8)
Ni1-N1’ 2.157(3)
Ni1-N2’ 2.166(3)
Ni1-Cly’ 2.4757(8)

Table 5. Bond angle data of the two nitrogen atoms
passing through the central Ni(II) atom of the complex
[Ni(3-NH-py)Cl.]

Angle between atoms Bond angle (°)
N1-Ni1-N?’ 180.00
N1’-Ni1-N2 95.31(10)
N1-Ni1-N2 84.69(10)
N1’-Ni1-N2’ 84.69(10)
N1-Ni1-N2’ 95.31(10)
N1-Ni1-Cl1’ 90.35(7)

N1’-Ni1-Cl1’ 89.65(7)

N2-Ni1-Cli 89.92(7)
N2-Ni1-Clt’ 90.08(7)
N1’-Ni1-Cl1’ 89.65(7)
N1’-Ni1-Cl1 90.35(7)
N2’-Ni1-Cl1 90.08(7)
N2’-Ni1-Cl’ 89.92(7)
Cl1-Ni1-Cl1’ 180.00

3.2.5. Hirshfeld Surface Analysis

Hirshfeld surface analysis was performed using the
CrystalExplorer software [25]. This analysis is used to
visualize intermolecular interactions quantitatively. It
also includes a fingerprint plot feature to identify
interactions between atoms. The strength of
intermolecular interactions is mapped using a three-
dimensional dnorm surface, plotted on a fixed color scale
from 0.0870 (red) to 1.2944 (blue) [26]. The dnorm values
on the Hirshfeld surface are mapped using red, blue, and
white colors. Blue regions represent positive dnorm values,
while white regions indicate dnom = 0, signifying that the
interaction distances equal the sum of the van der Waals
radii. Dark red spots indicate the presence of hydrogen
bonds with neighboring molecules, and other
intermolecular interactions are represented by bright red
dots [34].

The three-dimensional dnorm surface of the complex
is shown in Figure 6(a). The red areas around the H atoms
(from the -NH. group) indicate intermolecular
interactions between the H atoms with the Cl ligands and
the H atoms from the pyridine ring of nearby molecules.
The red areas around the Cl ligands show interactions
between the Cl- ligands and the H atoms (from the -NH.
group) of the 3-NH,py ligands from the nearest complex.
Additionally, there are weak interactions between the H
atoms of the pyridine ring and the H atoms (from the
- NH. group) of the 3-NH.py ligands.

Figure 4. The complex [Ni(3-NH.py),Cl.] within a crystal
lattice

Figure 5. Intermolecular interactions in crystal packing
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Figure 6. (a) Results of the dnom analysis, (b) shape
index, and (c) curvedness

The shape index map of the [Ni(3-NH.py).Cl.]
complex (Figure 6(b)) illustrates the donor and acceptor
groups involved in intermolecular interactions [35]. Red
regions surrounding certain atoms indicate their role as
acceptors, while blue regions signify donor atoms. Based
on this analysis, the Cl~ ligands act as acceptors, whereas
the hydrogen atoms of the —NH. groups serve as donors
in the observed interactions.

The curvedness map (Figure 6(c)) highlights
variations in the crystal surface topology, where green
regions indicate relatively flat surfaces and blue regions
represent curved areas of the molecular surface [36]. The
flat regions are predominantly located in the 3-NH.py
ring area, likely due to 7 — stacking interactions, where
the contact distances are nearly identical. This suggests a
high degree of planarity and close packing in these
regions, which may contribute to the stability of the
crystal structure. The blue lines on the curvedness map
delineate the molecular shape and indicate the contact
areas between adjacent molecules [37].

The two-dimensional fingerprint plot serves to
provide quantitative information about the properties
and types of intermolecular contacts among the
molecules in the crystal packing [34, 36]. The displayed
fingerprint plot uses a range of 1.0-2.8 A, with the
distance scale shown on the graph’s axes. The symbol di
represents the distance from the Hirshfeld surface to the
nearest interior atom within the Hirshfeld surface, while
d. indicates the distance from the Hirshfeld surface to the
nearest exterior atom outside the Hirshfeld surface [35].
The interatomic contacts significantly contributing to the
crystal packing are H---H, C---H, H---Cl, and N---H,
with respective percentage values of 50.9%, 20.0%,
13.5%, and 9.0%. Other interatomic contacts that
contribute weakly to the crystal packing are C---Cand C-
--N, with percentage values of 5.5% and 1.1%,
respectively. The fingerprint plot of the interatomic
contacts in the complex compound is presented in
Figure 7.

() H---H interaction: 50.9% (b) C---H interaction: 20.0% {c) H---Cl interaction: 13.5%

&- &

(d) N---H interaction: 9.0% (e) C---C interaction: 5.5% (f) C-=-N interaction: 1.1%

Figure 7. Individual atom interactions in crystal packing
3.2.6. Antibacterial Activity

The measurement of the inhibition zone diameter
showed that the complex exhibited antibacterial activity
against gram-positive bacteria (S. aureus) and gram-
negative bacteria (E. coli), with inhibition zone diameters
as shown in Table 6. The antibacterial data of the complex
compared to its free ligand showed a significant increase.
The antibacterial activity is likely due to the interaction
between the 3-NH.py ligand and the bacterial cell
membrane through hydrogen bonding [1, 38]. The
interaction of the metal complex with the cell membrane
disrupts normal physiological and chemical functions
essential for bacterial cell survival.

The Ni(II) ion also acts as a catalyst for oxidizing
certain peptide side chains and inhibits bacterial cell
activity. The redox properties of the metal complex can
generate reactive oxygen species and hydrolyze
phosphoester bonds, damaging DNA and preventing
enzyme activity essential for cell growth [39, 40, 41].
However, the antibacterial activity of the [Ni(3-
NH.py).Cl.] complex is lower compared to the positive
control, chloramphenicol. Therefore, further
optimization is required, either by testing the complex at
varying concentrations to enhance its efficacy or by
substituting the Cl- ligand with another ligand that may
exhibit stronger interactions with the bacterial cell
membrane, thereby increasing antibacterial activity.

Table 6. The diameter of the inhibition zones of the
ligand, metal salt, and complex

Inhibition zone (mm)

Compounds
S. aureus E. coli
NiCl;6H-0 7.10 7.20
3-NH.py 0.00 0.00
[Ni(3-NH2py);Cl2] 6.90 6.90
Chloramphenicol (+) 22.32 21.85
DMSO 10% (-) 0.00 0.00




Jurnal Kimia Sains dan Aplikasi 28 (3) (2025): 106-114 112

4. Conclusion

[Ni(3-NH.py)Cl.] complex was successfully
synthesized using the hydrothermal method at 120°C for
4 hours. The complex decomposes at 215°C and is
classified as a weak ionic compound. FT-IR analysis
reveals the presence of characteristic functional groups of
the ligand 3-NH.py. The complex crystallizes with a
distorted octahedral geometry and has a triclinic
structure with space group PI (a = 7.6428(8) A,
b=85384(8) &, ¢ = 9.8610(13) &, « = 73.920(4)°,
B =70.149(3)°, v = 71.036(2)°). Hirshfeld surface analysis
indicates the presence of intermolecular N-H---Cl
interactions, with H---H atom interactions contributing
most significantly to the packing at a percentage of
50.9%. The increased antibacterial activity of the complex
is due to the interaction between the ligand and the
bacterial cell membrane and the active role of Ni(II) in
killing bacteria through membrane cell damage.
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