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ARTICLE INFO ABSTRACT

Keywords: This study will shed light on the non-covalent interactions present in the N°-(2-pyridoyl)-4-pyridinecarbox-
Hydrazones amidrazone Pb(II) complex [(L)Pb(CH3OH)(H20)] and their significance in the context of crystal packing and
Pyridine

material properties. The complex was synthesized and characterized using single crystal X-ray structural analysis,
providing valuable insights into its molecular structure. Our focus was on analyzing the non-covalent interactions
in the crystal structure, where these interactions played a crucial role in the formation of one-dimensional
network chains observed in the crystal. To quantitatively analyze these interactions, we employed Hirshfeld
surfaces analysis. Furthermore, we performed density functional theory computational studies to calculate the
molecular geometry and global reactive parameters, allowing us to gain a better understanding of the properties
of the novel molecule. The molecular electrostatic potential was plotted to visualize the charge distribution and
identify the electrophilic and nucleophilic sites in the molecule. Finally, we explored the non-covalent in-
teractions and electron charge density distribution using the QTAM and NCI models, providing further insights
into the complex’s behavior. This study contributes to the understanding of non-covalent interactions in the
context of crystal growth and design, and expands the knowledge of the structural and electronic properties of
the N3-(2-pyridoyl)-4-pyridinecarboxamidrazone Pb(II) complex.

Pb(II) complex
Non-covalent interactions

1. Introduction

Transition metal complexes are renowned for their intriguing prop-
erties and diverse reactivities, often exhibiting unique structures and
electronic configurations distinct from their parent metal ions [1]. The
coordination chemistry of metal complexes with nitrogen-containing
ligands has gained considerable attention due to their wide range of
applications [2]. Lead, as a heavy metal, has attracted significant in-
terest owing to its toxicological implications and environmental impact
[3]. Lead (II) is a well-known transition metal ion known for its versatile
coordination chemistry and diverse applications [4].

* Corresponding authors.

Pyridinecarboxamidrazones, derived from pyridinecarboxaldehydes or
pyridinecarboxamides, hold promise as ligands in coordination chem-
istry. The presence of a pyridine ring and an amidrazone moiety in these
ligands provides multiple coordination sites, facilitating the formation
of stable complexes with various metal centers [5]. In recent years, the
design and synthesis of transition metal complexes have garnered sig-
nificant attention due to their potential applications in catalysis, mate-
rials science, and medicinal chemistry [6]. Complexes containing heavy
metals like lead (Pb) are particularly intriguing due to their distinct
electronic structures and reactivity profiles [7].

Designing and synthesizing lead complexes with carefully chosen
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ligands not only contributes to our understanding of the fundamental
coordination chemistry of this metal but also opens doors to potential
applications [8]. Its ability to form stable complexes with various li-
gands has made it an attractive choice for scientific and technological
advancements [9]. Exploring the coordination behavior of pyr-
idinecarboxamidrazones towards Pb(II) enhances our understanding of
fundamental coordination chemistry and offers opportunities for
developing functional materials and catalytic systems [10]. Pyr-
idinecarboxamidrazone ligands, with their adjustable electronic and
steric properties, show promise in constructing lead complexes with
desired properties, such as luminescent materials and catalytic systems
[11,12].

Lattice solvents are molecules that occupy the interstitial spaces
within the crystal lattice of metal coordination polymers. They can act as
ligands or structure-directing agents, influencing the arrangement and
properties of the molecular network chains [13]. Solvent-induced
transformations of metal complexes are of great interest in applica-
tions because they can lead to changes in the structure, properties, and
functions of the complexes. For example, solvent-induced trans-
formations can affect the porosity, stability, luminescence, and catalytic
activity of metal-organic frameworks (MOFs), which are a class of
porous coordination polymers with potential applications in gas storage,
separation, sensing, and drug delivery [14,15]. Solvent-induced trans-
formations can also provide insights into the formation and breaking of
chemical bonds, the coordination modes and preferences of metal ions
and ligands, and the dynamic behavior of metal complexes under
different conditions [16,17]. The effect of lattice solvents on the metal
coordination environments and the solvent-induced transformations of
lead (II) complexes with pyridinecarboxamidrazones are of great inter-
est for understanding the fundamental aspects and practical applications
of these systems. Understanding the structural aspects, spectroscopic
features, and potential applications of such complexes is crucial for
advancing our knowledge of metal coordination chemistry and broad-
ening the practical utilization of these compounds [7]. While the
interaction between pyridinecarboxamidrazones and metal ions has
been extensively explored for various transition metals such as copper,
nickel, cobalt, and zinc [18,19], investigations on the coordination
behavior of Pb(II) ions with pyridinecarboxamidrazones are relatively
limited.

2. Materials and methods

X-ray diffraction analysis: The crystal data for the [(L)Pb(CH30H)
(H20),] metal complex was collected using Bruker D8 Venture Photon
I11-14 diffractometer equipped with a low-temperature device, operating
at T = 100 K and Mo-K radiation (A = 0.71073 1°\) respectively. The data
correction for Lorentz-polarization effects and absorption was per-
formed with Bruker APEX3 software [20]. The structure was solved by
direct method and refined by full matrix least-squares procedures using
the SHELXTL [21]. All the non-hydrogen atoms were refined using
anisotropic atomic displacement parameters and hydrogen atoms were
inserted at calculated positions using a riding model. Crystal data, data
collections, and structural refinement are summarized in-detail and
listed in Table 1. Materials for publication were prepared using Diamond
3.2k [22] program and WINGX package (Ver 2018.3) [23]. “CCDC
2267312 contains the supplementary crystallographic data for this
paper. These data can be obtained free of charge from The Cambridge
Crystallographic Data center via https://www.ccdc.cam.ac.uk/structu
res-beta/.”

Hirshfeld surface analysis: Intermolecular interactions and surface
properties of the molecule in a crystal structure can be well defined by
Hirshfeld surface analysis using CrystalExplorer-17.5 software [24]. High
resolution molecular hirshfeld surfaces, d,orm and shape index functions
were generated for [(L)Pb(CH30H)(H20)2] molecule using a crystallo-
graphic information file (.CIF file). Hirshfeld surface dyor, mapping
defines the distances of any point on the surface to the near est interior
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Table 1
Crystal structure data and refinement details of [(L)Pb(CH30H)
(H20)21.
Parameter Value
CCDC deposit no. 2267312
Empirical formula Ca5HgN19O05Pby
Formula weight 755.76
Crystal system Monoclinic
Space group P2;/n
a ) 12.7238(9)
b (A) 11.0525(7)
cd) 20.1143(15)
/1) 99.751(2)
V/(A% 2787.8(3)
Z 4
Deatea (mg/m?) 1.801
u (mm~1) 6.107
F(000) 1480
6 range (°) 2.11 - 30.51
Collected reflections 86,013
Independent reflections 8505
Rint 0.0755
Obs reflections [I> 26(D)] 6949
Parameters 384
R1 [I> 26(D] 0.0257
WR2 [I> 26(D] 0.0459

GOF on F? 1.018
Residuals (e A™%) 0.942, —0.987

(d;) and exterior (d.) atoms in a molecule. The 2D fingerprint plots were
generated by summing d; and d, obtained from the 3D Hirshfeld surface
meanwhile, the percentage contribution of intermolecular interactions
was also obtained [25-28].

2.1. Density functional theory

Density functional theory methods were used to calculate the
quantum mechanical ground state energy of the molecule and to analyze
the electronic structure of the system using Gaussian 16 software and
visualized by GaussView - 6 [29,30]. The electron density function was
obtained from an initial approximation of single crystal X-ray diffraction
(cif) to compute the electron wave functions. Using the optimized
electron density wave function, various physical and chemical proper-
ties can be predicted. Koopman’s approximation and density of states
was used to calculate the energy difference between two molecular or-
bitals. MEP analysis was carried to determine the electrostatic potential
of the molecule. NBO calculation was done to find the hyper conjugative
interactions. Furthermore, non-covalent interaction (NCI) and electron
charge distribution calculation was done by multiwfn 3.7 software [31]
and visualized by visual molecular dynamics (VMD 1.9.3) [32].

3. Results and discussion
3.1. Crystal structure analysis

Through the execution of single crystal structural studies, re-
searchers gain access to precise three-dimensional information, enabling
a thorough exploration of non-covalent interactions and bolstering our
comprehension of substance properties and behaviors [33-38]. X-ray
diffraction analysis revealed that the novel [(L)Pb(CH30H)(H20),]
complex is crystallized in monoclinic crystal system with P2;/n space
group. Mononuclear [(L)Pb(CH3OH)(H20)2] complex structure is con-
sists of two tridentate N3-(2-pyridoyl)-4-pyridinecarboxamidrazone) li-
gands, two lattice waters and a lattice methanol molecule. ORTEP of the
title molecule is shown in Fig. 1a.

The ligands in the complex bind to the Pb metal ion through oxygen
and nitrogen atoms, creating two chelating rings for each ligand. The
way Pb(II) is arranged is described as a distorted trigonal prismatic
shape, as shown in Fig. 1b. When we look at the bond distances, we
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Fig. 1. (a) ORTEP of the novel mononuclear [(L)Pb(CH3OH)(H20),] complex, where thermal ellipsoids drawn at 50% probability, (b) coordination geometry around
Pb(I) and (c) interplanar angle between the two coordinated tridentate ligands (non-planarity representation).

notice that the distances between Pb and N/O atoms in the two ligands
have slight differences of about 0.10-0.15 A (Supplementary Table 1).
This difference is likely due to specific bonding interactions and struc-
tural distortions in the complex. Interestingly, the atoms within both
tridentate ligands are almost flat, indicating a high level of planarity in
each ligand individually. However, the overall crystal structure of the
[(L)Pb(CH30H)(H50)2] complex, is remarkably nonplanar concerning
the coordinated ligands. This nonplanarity becomes evident from the

interplanar angle between the two tridentate ligands, which measures
approximately 82.55°, as displayed in Fig. 1c. The nonplanar arrange-
ment of the ligands in the crystal structure may be influenced by various
factors, including steric hindrance, interactions between molecules, and
other inherent characteristics of the complex [39-41].

The crystal structure of the [(L)Pb(CH3OH)(H20)2] complex is sta-
bilized by a combination of intra and intermolecular hydrogen bond
interactions. Additionally, short ring interactions with Cg-Cg distances

Fig. 2. (a) C24—H24...01 intermolecular hydrogen bond interaction, Cg...Cg interactions between pyridine rings of neighboring complexes, short interaction
between Pb and amine nitrogen of adjacent molecules leading to the 1D network chain; viewed along a-axis. (b) pi...pi stacking when viewed along b-axis and (c)

spacefill view of pi..pi stacking along c-axis.
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less than 5.0 A and p angles less than 50.0° contribute to the molecular
packing in the crystal [42-44]. One notable interaction is the
C24—H24...01 intermolecular hydrogen bond, which plays a signifi-
cant role in the crystal packing. Furthermore, there are short in-
teractions between the Pb atom and the amine nitrogen atoms of
adjacent molecules, as well as Cg...Cg interactions between the pyridine
rings of neighboring complexes, as depicted in Fig. 2a. The crystal
structure of the [(L)Pb(CH30H)(H20)3] complex reveals the formation
of one-dimensional (1D) network chains in the crystal lattice. The for-
mation of these chains is facilitated by several intermolecular in-
teractions, including hydrogen bonding and short ring interactions.
Regarding the hydrogen bonds, several potential interactions are
observed. For instance, N5—Hb5a forms a hydrogen bond with O1w, with
a hydrogen bond distance (D—H) of 0.82(3) A and an acceptor distance
(H...A) of 2.18(3) A. Similarly, N5-H5b forms a hydrogen bond with
02w, with D—H of 0.83(4) A and H...A of 2.06(4) A. These hydrogen
bonds contribute to the stabilization of adjacent molecules within the 1D
molecular chains. All four pyridine rings in the molecule are signifi-
cantly involved in the intermolecular pi...pi stacking (Table 2) with the
neighboring molecules forced to the construction of 1D molecular
network chains along crystallographic b-axis (Fig. 3a) and these chains
are interconnected by lattice waters and methanol (Fig. 3b). In the
crystal structure of the [(L)Pb(CH3OH)(H20)3] complex, both water
molecules participate in hydrogen bonding interactions. The involve-
ment of water molecules as double donors and double acceptors in
hydrogen bonding interactions has been discussed in the literature. For
example, in a study by Desiraju and Steiner, they emphasized the role of
water molecules as both donors and acceptors in supramolecular
chemistry and crystal engineering. They described the ability of water to
form multiple hydrogen bonds and participate in diverse hydrogen
bonding patterns in crystal structures [42]. Lattice water molecules
acting as double donor and simultaneously as double acceptor with
participation of the methanol molecule forming a H-bonding (O—H...O
and N—H...0) supramolecular R?;(S) ring motif (Fig. 4a and b). This
motif involves hydrogen bonding interactions between adjacent water
molecules and other functional groups, connecting multiple adjacent
metal complexes within the crystal lattice. Such water-mediated
hydrogen bonding networks are crucial for the overall structural orga-
nization and stability of the complex in the solid state [44,45].

H---H contacts shown in yellow-colored dotted lines, which involve
interactions between hydrogen atoms, play a crucial role in enhancing
the stability of the crystal structure (Fig. 5a). The three short bonds
observed in this complex, namely H21...H2B: 2.269 (2) A, H1A...H13:

Table 2

Journal of Molecular Structure 1294 (2023) 136420

Fig. 3. 1D molecular chains along crystallographic b-axis driven by intermo-
lecular pi...pi stacking between pyridine rings (a) and these chains are inter-
connected by lattice waters and methanol (b).

2.269 (4) A, and H4B...H13: 2.033 i\, are formed between the lattice
solvents and ligands. These H---H contacts contribute to the overall
stabilization of the crystal lattice, promoting a well-defined packing
arrangement. Additionally, C...H/H...C contacts are formed between
pyridine carbons (C10 and C23) of the tridentate ligand and hydrogens
of the lattice water (H3A and H1A). These contacts, represented by
green-colored dotted lines, significantly influence the crystal packing by
contributing to intermolecular interactions (Fig. 5b). They play a role in
determining the arrangement of neighboring molecules and can impact

Hydrogen bond geometry and geometrical parameters for the Pi-stacking moieties involved in the Pi...Pi interactions.

Potential hydrogen bonds

Donor-H...Acceptor D-H (A) H..AA) D..A(A) D-H..A(°) Symmetry

N5—H5a...01w 0.82(3) 2.18(3) 2.902(3) 148(3) 1x,1-y,-2

N5—H5b...02w 0.83(4) 2.06(4) 2.851(3) 159(3) 1/2-%,1/2 + y,1/2-2
N10—H10a...02w 0.82(4) 2.31(4) 3.103(3) 165(3) 1/2:x,~1/2 + y,1/2-2
03—H13...01w 0.84 1.84 2.682(3) 175 -

Olw—Hla...N9 0.92 1.84 2.752(3) 169 1/2%,1/2 + y,1/2-z
O1w—H2b...02 0.86 1.85 2.690(3) 165 1+ xy,2

02w—H2b...03 0.98 1.84 2.795(3) 164 ~1/2 +x,1/2:y,1/2 + 2
02w—H2a...N4 0.92 1.85 2.757(3) 166 x,1-y,2

C24—H24...01 0.95 2.46 3.358(2) 155.81 1/2%,1/2 +y,1/2 + 2

Short ring-interactions

cgm cg) Cg(D-CgW) (A) a(®) Q) Q) Slippage (A) Symmetry
pyN1 pyN4 3.5858(15) 8.13(12) 21.6 20.5 1.319 X, 1y, -z
pyN4 pyN1 3.5859(15) 8.13(12) 20.5 21.6 1.253 X, 1-y, -z
pyN6 pyN9 3.9759(16) 15.01(13) 27.3 29.8 1.827 X, -, Z
pyN9 pyN6 3.9757(16) 15.01(13) 29.8 27.3 1.978 X, -Y, Z

Cg(D) and Cg(J) centroids of the rings, Cg(I)-Cg(J)-Centroid distance between ring I and ring J, Alpha- Dihedral angle between mean planes I and J, Beta- Angle between
the centroid vector Cg(I)- - -Cg(J), the normal to the plane (I), Gamma- Angle between the centroid vector Cg(I)- - -Cg(J) and the normal to the plane (J), and Slippage-
Distance between Cg(I) and Perpendicular Projection of Cg(J) on Ring I (Ang). Where pyN1, pyN4, pyN6 and pyN9 are the centroids of the rings in which nitrogen atom

is named as N1, N4, N6 and N9 respectively.
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Fig. 4. Lattice water molecules acting as double donor and simultaneously as double acceptor with participation of the methanol molecule forming a H-bonding
(O—H...0 and N—H...0) supramolecular Rﬁ(S) ring motif (b) by connecting five different adjacent metal complexes (a).

H4B !
o

Fig. 5. H21...H2B: 2.269(2) A, H1A...H13: 2.269(4) A and H4B...H13: 2.033 A
(yellow colored dotted lines) contacts between lattice solvents and ligand (a)
and C...H/H...C contacts (shown in green colored dotted lines) between pyri-
dine carbons (C10 and C23) of tridentate ligand and hydrogens of lattice water
[H3A and H1A] (b) are greatly contributed to crystal packing of [(L)Pb(CH3OH)
(H,0)5,] complex.

the overall stability and properties of the crystal structure. The presence
of these H---H and C...H/H...C contacts highlights the intricate interplay
between molecular components in the crystal lattice.

3.2. Hirshfeld surface analysis

Hirshfeld surfaces are the effective way to validate the intermolec-
ular interactions in the crystal. dporm surface and shape idex of [(L)Pb
(CH30H)(H20)2] complex is generated and shown in Fig. 6. Contacts
that are shorter than the total Van der Waals radii of the two atoms are
emphasized in red color circular spots on the dporm surface. Longer
contacts are represented by the color blue, while contacts that are close
to the Van der Waals limit are colored white. dom surfaces in Fig. 6a, b
and c, clearly shows that, there are multiple dark red spots which are
signifies the intermolecular O—H...O and N—H...O hydrogen bond in-
teractions, whereas in Fig. 6d triangle shaped red colored regions on the
pyridine rings indicates significant pi...pi interactions.

The analysis of 2D fingerprint plots revealed that H...H contacts
contribute the most to the total Hirshfeld surfaces, accounting for
approximately 48.3%. The presence of two distinct peaks at de and di
values around 1.12 and 1.14, respectively, signifies the presence of
strong hydrogen bonds between water molecules and pyridine nitro-
gens, lattice methanol, and NH2 amino moiety. These hydrogen bonds
are responsible for approximately 15.3% and 10.2% of the total Hirsh-
feld surfaces, respectively (Fig. 7). The analysis of 2D fingerprint plots
reveals that C...H/H...C contacts between pyridine carbons (C10 and
C23) of the tridentate ligand and hydrogen atoms of lattice water (H3A
and H1A) play a significant role in the crystal packing. These in-
teractions contribute greatly to the total Hirshfeld surfaces, accounting
for approximately 11.9% of the surface area. As shown in Fig. 7, 2D
fingerprint plots allowed for the quantification of the relative contri-
butions of different intermolecular interactions to the overall Hirshfeld
surface.

3.3. Density functional theory studies

The electronic structure of the [(L)Pb(CH30H)(H20)2] complex was
analyzed using quantum computational (DFT) studies. The ground state
energy optimization was performed in the singlet state using the B3LYP
calculation method and the 6-311+G(d,p) basis set. This analysis pro-
vides valuable insights into the reactivity, active site selection, and
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Fig. 6. 3D Hirshfeld surfaces mapped with dporm, with different views (a, b and ¢) and 3D Hirshfeld surface mapped with shape idenx (d) where complimentary blue

and red triangles represent pi...pi interactions.

de de
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Fig. 7. 2D fingerprint plots and individual atomic contacts% contribution to the total Hirshfeld surface.

stability of the complex. The Pb (II) complex optimized geometries are
presented in Fig. 8. It can be evinced from this figure that the calculated
geometric features of the structure match very well its counterpart
experimentally determined, using X-ray diffraction data. A good corre-
lation was found to exist between the experimental and theoretical
structures as is evident from the bond distance table (Table S1).

The configuration and energy values of the Frontier Molecular Or-
bitals (FMOs) play a crucial role in understanding the chemical and
electronic conformation of the complex. The highest occupied molecular

orbital (HOMO) and lowest unoccupied molecular orbital (LUMO) are
associated with the ionization potential and electron affinity, respec-
tively. The energy gap between the HOMO and LUMO, which signifies
electron excitation, is a key factor influencing the stability and reactivity
of the complex. In Fig. 9a, the 3D maps of the HOMO-LUMO show the
positive and negative phases represented by violet and yellow colors,
respectively. The HOMO is primarily distributed over the Pb metal ion
and partially filled with ligands coordinated with the complex above it,
while the LUMO is distributed over the Pb metal ion and partially filled
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Fig. 8. Overlay of the Optimized structure (orange) and experimentally
calculated structure (yellow) of novel complex.

with ligands coordinated with the complex below it.

The global reactivity parameters listed in Table 3, including the
global electrophilicity index (®), global hardness (1), chemical potential
(v), and global softness (s), provide important insights into the reactivity
of the complex. The energy levels of Egomo and Epymo (—5.6967 eV and
—2.5989 eV, respectively) indicate a suitable range for light absorption
and emission, suggesting potential applications in photonic and opto-
electronic devices. The relatively low energy gap (AE) of 3.0978 eV
suggests a moderate stability of the complex, which could be advanta-
geous for catalytic reactions. The ionization potential (IP) and electron
affinity (EA) values indicate the ability of the complex to both donate
and accept electrons, which can be significant for redox processes in
catalysis. A soft complex with a low energy gap is generally more
reactive and polarizable, which can be beneficial for electrochemical

LUMO+1

4 LUMO

.
B

-4
=
z g
e ]
c ]
= s
= =
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processes in storage and battery devices. The global electrophilicity
index (o = 9.6551 eV) represents the tendency of the complex to accept
electrons. A high electrophilicity index suggests that the complex has a
strong potential for participating in redox reactions, which is relevant
for energy storage and battery applications. DFT calculated molecular
electrostatic potential image of novel complex is shown in Fig. 9b.

3.4. QTAIM and NCI analysis

Bader’s theory (QTAIM) has recently been developed as a useful tool
for investigating many types of chemical interactions based on electron
density topology. Hydrogen bond interactions, ionic and covalent
bonding, and relativistic interactions are amongst them. The electron
density distribution of a molecule can be used to identify and analyze the
strength and nature of intramolecular interactions. The topological AIM
analysis displays the existence of BCP 31 (between H13 and O2w) and
BCP 25 (between H10a and O2w) confirming the hydrogen bond in-
teractions which are shown in Fig. 10a. Pb(II) complex discloses the
presence of the significant hydrogen bond interactions between lattice
water and methanol (0O3—H13...02w and N10-H10a...02w) plays sig-
nificant repulsions. Weak intramolecular C-H...O interactions between
the chelating oxygen atom and -CH group of the phenyl ring and C-H...

Table 3
Global and local parameters of [(L)Pb(CH30H)(H20)2] complex.

Parameter Molecule value (eV)
Enomo(eV) —5.6967
Erumo(eV) —2.5989
Energy gap (AE) (eV) 3.0978
Ionization Potential (IP) (eV) 4.8961
Electron affinity (EA) (eV) 3.1992
Electronegativity () (eV) 4.0477
Global Hardness (1)) (eV) 0.8485
Softness(c) (eV 1) 1.1786
Chemical potential (1) (eV) —4.0477
Global electrophilicity (o) (eV) 9.6551

-189

Fig. 9. Frontier molecular orbitals (a) and molecular electrostatic potential plot (b) of [(L)Pb(CH3;0H)(H>0),] complex.
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Fig. 10. (a) Molecular graph of the Pb(II) complex using QTAIM analysis.

N contact by —NHj; group are identified as small green discs. The red
discs in the middle of the chelating and phenyl rings indicate the effect
of ring strain (Fig. 10b). The interaction strength is represented by the
graph of RDG versus electron density. The three-dimensional isosurface
representation and two dimensional RDG graphs are shown in Fig. 10c.
The spikes in the low-density region indicate the presence of hydrogen
bond interactions in the molecule. The peaks at the positive sign (A2)>
0.01 a.u. on the 2D plot correspond to the red color isosurfaces, which
reflect the significant repulsion or steric interactions present in the
molecule. Also, the green color isosurfaces peaks near zero signify the
weak interactions present in the molecule. Blue color isosurfaces, which
lie between O3—H13...02w and N10—H10a...O2w interactions, signify
the appearances of significant hydrogen bond interactions which indi-
cate the high electronegative nature of hydrogen and oxygen atoms.

4. Conclusion

The analysis of the crystal structure of the [(L)Pb(CH30H)(H20)2]
complex revealed that it crystallizes in a monoclinic crystal system with
the P2;/n space group. The complex consists of two tridentate ligands
(N3-(2-pyridoyl)-4-pyridinecarboxamidrazone), two lattice water mol-
ecules, and a lattice methanol molecule. The coordination geometry
around the Pb(II) metal ion is described as a distorted trigonal prismatic
arrangement. The complex exhibits a highly nonplanar structure, with
an interplanar angle of 82.55° between the two coordinated tridentate
ligands. The way the molecules pack together in the crystal is supported
by various hydrogen bond interactions occurring within and between
the molecules. Moreover, short ring interactions (Cg-Cg interactions)
with distances smaller than 5.0 A and intermolecular n-n stacking be-
tween the pyridine rings of neighboring complexes are observed. These
interactions play an important role in the way the molecules arrange
themselves and form one-dimensional (1D) molecular chains along the

0.02

0.03
0.04
0.05

(b) Non-covalent interactions analysis. (c) 2-dimensional RDG scattered graph.

b-axis of the crystal. The lattice water and methanol molecules act as
bridges, connecting the molecular chains in the crystal structure. They
form hydrogen bond interactions with neighboring metal complexes,
contributing to the stabilization and organization of the molecular
chains. Bader’s theory analysis reveals the presence of hydrogen bond
interactions between the lattice water and methanol molecules, as well
as other weak interactions such as C-H...O and C-H...N contacts.
Quantum computational (DFT) studies provide insights into the elec-
tronic structure of the complex. The energy gap between the highest
occupied molecular orbital (HOMO) and the lowest unoccupied mo-
lecular orbital (LUMO) is determined to be 3.108 eV, indicating that the
complex possesses a soft and highly reactive nature.
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