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The overall formula [M(L)2] Complexes, where M=Ni*2, Zn*2, Cd*2 and Hg*2; Where LH =
{5-benzoyl methyl - 1,3,4- oxadiazole -2-thione} were prepared and characterized on
the bases of CHNS analysis, to IR, UV-Vis, magnetic susceptibility, antioxidant assays and
conductivity measurements, and NMR (*H, *3C) techniques, along with DFT, NBO, and
MEP studies. Confirming based on CHNS and physical data measurements and
computational studies of prepared complexes. All complexes exhibited non-electrolytic
behavior and distorted tetrahedral structures, except for the Ni complex, which was a
distorted square planar. Notably, the Zn (II) complex demonstrated the highest
antioxidant activity (100%) due to effective hydrogen atom donation, while the
activities of Ni (II) and Cd (II) complexes decreased due to instability. DFT and NBO
analyses revealed significant charge transfer in the Zn and Cd complexes, with the Cd
complex showing a greater affinity for sulfur donors. Additionally, the Cd complex
displayed a smaller energy gap, indicating lower stability compared to the Zn complex.

1. Introduction

their structure and properties determined by
spectroscopy tool (Kazi, 2011).

Compound 1,3,4-oxadiazole-2-thione belongs to
a class of heterocyclic compounds with five
members. It's a similar furan structure with the
replacement of (2) carbon methene groups (-CH=) in
the position (3 and 4) by two nitrogen atoms (Bala et
al,, 2014). Oxadiazoles exhibit unique characteristics
linked to (Thiol < Thione) tautomerism (Figure 1);
thione (R1R2C=N-S) and a thiol (R1R2C-NH-SH)
exist in balance between them, considerably
influenced by medium PH or solvent, environmental
conditions ( Singh et al, 2010; Dilmaghani &
Ghezelbash, 2016). copper, and zinc
complexes with oxadiazole support adaptability of
the ligands validating the integrity and bonding of

Silver,

s. _Me S _Me
Thiol Thione

Figure 1. (Thiol & Thione) tautomerism.

1,3,4-oxadiazole-2-thione compound has
important medical care and synthetic chemistry
owing to multipurpose physiological functions and
applications. Recent studies have been discovered

that 1,3,4-oxadiazole-2-thione utilized for various
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applications, particularly in the field of medicinal
chemistry as it functions as significant structure for
the plan of new anti-infective agents (Al-Wahaibi et
al, 2021). This compound displays a series of
biological functions, which include germicidal,
prophylactic , antiviral, antifungal,
inflammatory properties. (Akram et al, 2018;
Husain & Ajmal, 2009). For example, 1,3,4-
oxadiazole-2-thione has been shown to have
significant antibacterial traits, effectively combating
resistant strains of a variety of diseases. (Akram et
al, 2018);(Lietal.,, 2011). Furthermore, drug design
studies have brought out its potential as a urease
inhibitor, its showing relevance in treating Influence
of sickness by this enzyme, kidney stones (Akram et
al, 2018). The derivatives of 1,3,4-oxadiazole-2-
thione pharmacological activity stretches into other
medical specialties, part including the treatment of
cancer, where they have shown anti-proliferative
action against cancer cell lines (Abdelrehim, 2021).
The chemical drug design linked with nickel
complexes, and oxadiazole ligands potent biological
activities, and cell-killing effects especially palladium
and platinum complexes (Geyl et al, 2022).
Moreover, they play an essential role in the synthesis
of composite materials and polymers applicable in
optoelectronic devices due to their favorable
luminescent and electronic properties (Tzanetos &
Kallitsis, 2005).

and anti-

Preparation and theoretical (DFT) studies of
nickel complex with oxadiazole ligand illustrates the
electronic structure and properties of nickel metal
complexes linked  with the oxadiazole
ligand (Nkungli et al, 2015). In this paper, the
complexes of Ni (II), Cd (II), Zn (II) and Hg (II) with
5-benzoyl methyl 1,3,4-oxadiazole-2-thione were
prepared experimentally. Therefore, the novelty of
this paper were represented by synthesis and
computational studies of divalent Nickle, Zinc,
Cadmium, and Mercury complexes with 5-(benzoyl
methyl) - 1,3,4 - oxadiazole -2- thione ligand and
identified by means of CHNS analysis, tHNMR,
I3CNMR, IR, Uv-Visb,

conductivity, magnetic

susceptibility, antioxidant, DFT, MEP and NBO
studying.

2. Synthesis
2.1. Experimental & Materials

The compounds NiCl,-6H,0, ZnCl,, CdCl,-2H,0,
and HgCl, were purchased from Sigma Aldrich. The
chemical reagents, including CS,, ethanol (99.9%),
and DMSO (99.8%), were supplied by Fluka, Merck,
and Sharlau, respectively, and were used in their
unpurified state.

Melting points were recorded using the capillary
method with an Electrothermal IA 9000 melting
point apparatus (England). The 'H, *3C NMR, and
elemental (CHNS) analyses were performed at the
Photon Center, University of Baghdad. UV-Vis
spectra were obtained using a SHIMADZU UV-1900i
Spectrophotometer over a wavelength range of 200-
1000 nm. Infrared (IR) spectra were acquired
between 400 and 4000 cm™ using a Thermo
Mattson 300 FT-IR spectrophotometer. The
conductivities of the prepared
compounds in DMSO were measured with a JENWAY
4520 Electrical Conductivity Meter.

coordination

2.2. Preparation of 5-benzoyl methyl-1, 3, 4-oxadiazol-2-
thione

To a solution of potassium hydroxide (0.01mol],
0.56g) in absolute ethanol (20 ml) was added
benzoyl methyl acid hydrazide (0.01 mol, 1.78g),
followed by CS2(0.02 mol, 1.52g). The reflux of
mixture was gone on for 16 hours till the release of
H,S gas ceased (Fig. 2). The solvent was
concentrated and treated with diluted HCl acid (1:1).
The obtained solid was filtered off, washed with
dried vacuum, and
recrystallized from ethanol (Aydogan et al.,, 2022).

distilled water, under

2.3. Preparation of metal complexes

A water-based solution of (0.01 mol) of a
relevant metal salt (NiCl,.6H»0, ZnCl;, CdCl..2H;0
and HgCl;) was added to water-based solution of 5-
benzoylmethyl-1,3,4-oxadiazole-2-thione (0.02 mol)
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Figure 2. Chemical Reaction for preparation (5-benzoyl methyl-1, 3, 4-oxadiazol-2-thione).

and potassium hydroxide (0.02 mol). At once,
precipitates of various colors were produced at
room temperature. The formed solids
separated by a filter, washed with distilled water,
and dried at 50°C

were

3. Results and Discussion

3.1. Elemental Analysis

The chemical and physical properties of the
prepared ligand (LH) and complexes are illustrating
in Table 1. These metal complexes were synthesized
using Ni (II), Zn (II), Cd (II) and Hg (II) salts in
coordination with 5-benzoylmethyl-1,3,4-
oxadiazole-2-thione ligand. The measurements of
calculated (CHNS)analysis were acceptable with
experimental percentages, which consisted of
complexes in small acceptable discrepancies within
the permissible range (0.4 %). This consistency
suggests their stoichiometric settings. The
correspondence between calculated data and the
results obtained from laboratory confirms purity of
prepared compounds.

%*':)?“@2*3;:@

Suggested Structure of distorted square planner Ni
complex.

PN {O S
/N O
HZC_<O M )—CH,
S N }\@
0

Suggested Structure of distorted tetrahedral M= (Zn (II),
Cd (II) and Hg (II) complex.

3.2. Infrared Spectra Studies

Infrared spectra of the free ligand LH display
characteristic v (N-H) and v (S-H) bands stretching
at (3120) cm™* and (2567) cm™" respectively. These
bands are completely absent from the spectra of all
four metal complexes. (Aboraia et al., 2006) confirms
deportation of both functional groups and their
subsequent coordination to the metal center,
forming (M-N) and (M-S) bonds. (Nakamoto, 2009).
The mode of coordination of the ligand could be
distinguished by the analysis of thioamide band (Fig.
3). The directions of the shifts of all bands in the
spectra of the similar complexes. This fact clearly
indicates that the bonding model must be the same
in all complexes. The LH containing thioamide group
rise to four thioamide bands in the infrared
spectrum. Thioamide band(I) appeared at (1544)
cm-1, band (II) at (1487) cm-1, band (III) at (925) cm-
1) and band (1V) at (748) cm-1 (Pandey et al., 2010).
Thioamide Band I has major contribution from (§(N-
H) + v (C-N), this band undergoes a consistent
positive shift from (1544) cm™ in the free ligand to
higher wavenumbers in the complexes (1554-1581)
cm . The increase in the v (C-N) frequency is a direct

3
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Table 1: Elemental analysis (CHNS) analysis and other physical properties attributes of the ligand and its complexes.

C H

N

S

Compounds M. Wt. m.p (°C) color %Yield
g/mol (Cal.) Found
CioHsO:NSS (5354)  (3.59) (1249) (1429
226.3-227 Yellow 64.45%
LH 220.204 54.39 3.25 12.17 14.15
[Ni(C1oH702N,8)1] @4754) (278  (11.08)  (12.69)
>295d Pale Yellow Olive 87.40%
[Ni(L)] 497.082 4726 253 1086 1197
Zn(Ci10H702N:8)2 46.92 2.75 10.94 12.52
tnl 2 (o592 @) (09 (2 Light yellow 71.70%
[Zn(L)2] 503.782 46.38 2.63 10.76 11.87
42.97 2.52 10.02 11.47
[Cd(C10HO2N:S),| @20 @2 4002 LA Lemon yellow 89.55%
[CA(L)2] 550.803 42.83 2.41 9.94 10.98
[Hg(C1oH70,N:S),] (711  @17) (865  (9.91)
>239d Orange 61.06%
[Hg(L)s] 638982  37.02 211 8.52 9.79

consequence of nitrogen atom in coordination (Dani
etal, 2014). Band (II) has contribution from (§(C-H)
+U(C-S) +v (C- N) in free ligand show band at (1487)
cm! and no significant change (1492-1483) cm,
after complexations (Aydogan et al, 2002). Band
(III) mixed v (C-N) + v (C-S) show band at (925) cm-
1 showing a slight positive shift for Ni, Zn, and Cd
complexes (952) cm! (Bhartya et al., 2015). Band
(IV) has contribution from predominant of v (C-S)
that show band (748) cm-l. While band (IV) is
disappeared after complexations confirming that the
metal ion is linked to S atom (Pandey et al., 2010;
Shaker, 2010; Saaid et al.,, 2018). The stretching
vibrations of (C-0) appear about (1178 cm™
1068cm™) with no significant change after
complexations, while the band (C-0-C) observed at
(750) cm?! remains the same in ligand and all
complexes (Aboraia et al, 2006). The whole
complexes show a weak band in a very narrow
ranges (551-554) cm™, assigned to the (M-N)
stretching vibration and a second set of new bands
appears between (418-450) cm™, assigned to (M-S)
stretches (Figs. 4 and 5) (Bharty et al., 2012; Bharty
etal,, 2015; Sundaresan et al.,, 2022 ). The electronic
transitions and their assignment are listed in Table
2.

and
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Figure 3. [.R Spectrum of oxadiazole ligand.
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Figure 5. L.R Spectra of Cd (II), and Hg (II) complexes.

3.3.Electronic transition spectra

ligand-based m—m* and n—m* transitions all
affect their Uv-Visb. Spectra (Fig. 6). These spectrum
signals are highly sensitive indicators of metal-
ligand binding, analytic geometry, and ligand
electronic effects. At around 260 nm, ligand-based
m—-m*: agrees with ligand and aromatic 1 orbitals.
Non-bonding n—m* (~272 nm): attributable to lone
pairs of heteroatoms, namely nitrogen, that

participate in n—»m* transitions. These transitions,
which take place between (272) and (269) nm,
include the movement of non-bonding electrons on
heteroatoms (like nitrogen) to m* orbitals. Zinc (II),
cadmium (II), and mercury (II) complexes are well-
known (d1° configuration). Accordingly, these
complexes usually hide d-d transitions in visible
regions owing to the unavailability d electrons for
transitions. Alternatively, their electronic spectra
chiefly feature charge transfers bands. For example,
Zn+*2, Cd*2, and Hg*? complexes studies show no
absorption bands in extent of (380-1000) nm
excerpt to d-d transitions, underlining the absence of
these transitions and confirm the diamagnetism
nature (Dhaveethu et al,, 2013; Mohammed et al,,
2018). Substantial absorption bands were viewed at
around (28169) cm! for [Hg(L)2] complex, (28248)
cm-! for [Cd(L)2] complex, (28336) cm! for [Zn (L)2]
complex, which are ascribed to ligand-to-metal
charge transfer transitions instead of d-d transitions
(Mohammed etal., 2018). Confirming based on CHNS
and other physical measurement, tetrahedral
geometry is suggested for these complexes.
According to the above-mentioned physical
measurements while [Ni(L)2] complex reflected
bonds at (20250) cm! and (15505) cm7,
respectively segment to d-d transitions of the type
1A1g —»1Azg and !'A;g — 1B1g as showed in Table 3.
These transitions suggest the square planner
geometries of the ligand around Ni metal in this
complex (Demir and Pekacar, 2005). Furthermore,
the low value of molar conductivity (2.2-5.3) Q-1cm?
mol! confirms that the complexes are non-
electrolyte.

3.4.1H-NMR &13CNMR Spectra

Typically, the 'H NMR spectrum of 1,3,4-
oxadiazole-2-thione sections of characteristic
signals that help identify the hydrogen surrounding
within the compound bonded protons to carbon
atoms next to the oxadiazole ring and groups have an
impact on in the range of 7.0 to 7.6 ppm (Fig. 7),
suggestive of aromatic hydrogens (Prabhu et al,

2012; Tang etal., 2015).
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Table 2: Selected IR bands of the ligand and its complexes.

Thioamide Thioamide Thioamide Thioamide
Compounds o(NH) v (SH) v(M-N) ov(M-S)
Band () Band (I) Band (II) Band (IV)

LH 3120 2567 1544 1487 925 748 e e
11057 [ — 1554 1494 L S 551 418
V2200 R — 1564 1494 L S 551 441
[CAL)2] - e 1556 1492 952 e 551 450
1575007 [ — 1581 1483 906 554 441
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Figure 6. UV- Visible Spectra for oxadiazole ligand and complexes.
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Table 3: Uv-vis, magnetic susceptibility and conductivity measurements.

Absorption Absorption

AM (Q-'cm? mol)

Complexes em-1 om Assignment Magnetic susceptibility in DMSO
38461 260 n— ¥
Ligand (LH) 36764 272 n—n*t e 1.05
38461 256 n— ¥
36764 269 n— ot
[NiLy] 26954 371 CT Diamagnetic 2.2
20250 494 A1g—1Asg
15505 645 'A1g— Bag
38910 257 n—> ¥
[Znl,) 37174 269 n— m* Diamagnetic 24
28336 353 CT
38314 261 n— ¥
[CdLy] 37174 269 n— 7* Diamagnetic 3.6
28248 354 CT
39215 255 n— ¥
[Hel2] 37037 270 n— m* Diamagnetic 5.3
28169 355 CT

Furthermore, protons on the (S-H) group (if
tautomerization results in its prevalence) may
display chemical shifts reflecting their individuality
surroundings, though they are
infrequently observed due to quick exchange with
solvent protons. The aromatic phenyl protons show
singlets between 'H NMR {300 MHz, DMSO-ds} 6
7.66 ppm (d, ] = 7.6 Hz, 2H), 7.40 ppm (t, ] = 7.5 Hz,
2H), 7.30 ppm (t, ] = 7.3 Hz, 1H) belongs to phenyl
group, 5.87 ppm (s,1H) belongs (S-H) group, 4.37
ppm (s, 2H) belongs to the CH: group. In all
complexes 'H NMR {300-MHz, DMSO-d¢} 6 (6.98-
7.95) ppm (m, 10H), belongs to phenyl groups, (4.35-
4.41 ppm) (s, 4H) belongs to the CH; group and S-H
signal disappeared confirming that the metal ion is
linked to S atom (Figs. 8 and 9).

electronic

The 13C NMR spectrum supports this structural
analysis by revealing section corresponding to the
carbon existing in 1,3,4-oxadiazole
heterocyclic ring (Fig. 7). The aromatic phenyl ring
carbon showed 6 at (125.47, 128.50, 129.09) ppm,
at (129.50, 131.18) return to C5 and C2, (§ (144.10)
ppm return to C10. The separate carbon signal at
(161.67) ppm for the carbon atom (C-SH) engaged in
the conformation of the heterocyclic structure

atoms

(Prabhu et al,, 2012) and near (192.2) ppm for the
carbon atom which is belonged (C=0) group and
chemical shift appeared at § (34.10) ppm can be
assigned to the (CH:) group (Mikhailov et al 2019).
This evidence shows the presence of the (SH) group
that stabilizes the oxadiazole ring.

Table 4: Antioxidants Results for ligand and prepared
complexes.

The percentage of ligand and its
Ligand and it's

No. complexes that scavenge
Complexes
20pg /ml 40 pg/ml 60 pg/ml

1 Ligand (LH) 76 77 80

2 [NiL] 100 98 83

3 [Znl;) 100 100 100

4 [CdL2] 100 100 78
Ascorbic Acid

5 84 86 92

(Vitamin C)
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3.5. Antioxidant Studies for ligand and complexes

Avery tiny amount of the ligand and it’s divalent
of {Ni, Zn and Cd} complexes were dissolved in some
drops of dimethyl sulfoxide, to approach the needed
(20pg/ml, 40pg/ml and 60ug/ml) micrograms per
milliliter concentration by addition of ethanol.
among all the prepared complexes note that Ni(II)
and Cd(II) complexes start at (100%) antioxidant
activity but they decrease to lower value due to
instability, compared with Zn (II) complex was
highest value (100%) of antioxidant activity across
all concertation causing strong donating hydrogen
atoms to neutralize free radical (DPPH) effects
compared with Ascorbic Acid, while the ligand has
lower value indicating Zn(II) complex was
outperforms of (Vit. C). (Baliyan et al, 2022;
Sundaresan et al., 2022; Silva et al., 2024).

4. Computational Studies of prepared ligand and
complexes

4.1. DFT Studies (Optimized)

The GW9 Gaussian 16 program was employed to
optimize the shape of the ligand and its metal
complexes. The computations utilized the hybrid
density functional theory (DFT) method B3LYP in
conjunction with the 6-311G (d, p) basis set to
optimize the molecular geometries (Tegegn et al,
2024). (FMOs - Frontier molecular orbitals), namely
the highest in use molecular orbital and the lowest
vacant molecular orbital. The compounds stability
depends on LUMO value that is essential for
evaluating the chemical response, the greater E-gap
being approaching stability. The (DFT) studies
applying diverse computational approaches and
descriptive parameters. Thermodynamic steadiness
can be estimated using (Gibbs free energy) values;
nevertheless, molecular orbital {MO} and the
electron density furnish a deeper
comprehension of the electronic operations
impacting molecular stability (AL-Nama et al., 2025).

inquiries

The EHOMO and ELUMO values of oxadiazole
ligand and its complexes (Zinc, Cadmium) are listed
in Table 5. Both {EHOMO and ELUMO} are negative,

illustrating the products stability. In addition,
complexes with small E gap value were more
reactive compared with high value E gap, while
complex high value of E gap (AE) was more stable
compared with another have low E gaps. In present
studies [Zn complex] that have (0.31739 eV) is more
stable than [Cd complex] that have (0.30288 eV)
(Chaudhary et al,, 2019; Tegegn et al., 2024).

Charge transfer interface within the LUMO-
HOMO molecule is characterized by the forbidden
energy gap (AE = ELUMO - EHOMO), as shown (Figs.
10- 12), and in Table 5.
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ligand.
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4.2. Molecular Electrostatic Potential (MEP) Studies

Molecular Electrostatic Potential (MEP) is important
Computing tool in rational drug design that
illustrates the quantitative understanding of a
molecule's electrostatic properties, which in turn
dictates its interactions with biological targets.
(MEP) helps researchers predict how a possible drug
molecule will interact with a receptor or enzyme's
active site, enabling the design of ligands with
optimal recognition and binding. Furthermore, the
(MEP) is topological analysis of molecular surfaces
that offers a significant insight into electronegativity
and partial charge distribution. This approach is very
precise for forecasting intermolecular forces with
biological models, specifically within the realm of
charge-dipole, dipole-dipole, and quadrupole-dipole
(MEP) indicative
molecular characteristic, dipole approximation,
structure and Molecular polarity.

interaction. represents an
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Table 5: EHOMO, ELUMO and some quantum chemistry characteristics for ligand and prepared

complexes:
Parameters Ligand Zn- Cd- Main realization
complex  complex
Erono €V)  -03699  -0.3429 03332 Enowmo Signifies .that after complexation, the molecule becomes
more electron -rich and hence has a stronger grantor nature.
ELUMO The Cd-complex has the lowest Erumo, sense it is more sloping to
V) -0.0730  -0.0256 -0.3041 accept electrons. that.cadmium, in this complex, is a better electron
acceptor contrast to zinc.
A larger (E gap) regularly indicates more stability, because it's more
AE (eV) 0.2968 0.3174 0.3029 difficult for the system to undergo transitions. The (Zn-complex) is
more stable than (Cd-complex), which has a smaller (E gap).
P (V) 03699  0.3430 0.3333 b(Cd—compleX) has low ionization energy, high electron affinity It
ecomes simpler to remove an electron from the complex
The (Cd-complex) is more electrophilic having the highest electron
EA (eV) 0.0730 0.0256 0.3041 affinity
(Cd-complex) has a stronger inclination to attract electrons towards
(V) 02214  0.1843 03187 itself (EN) relative to.the (Zn—complex), showing the electronegativity
of the complex. In this case, cadmium appears to have a greater appeal
to the electrons in the system.
(Zn-complex) is perceived harder, implication it is more chemically
n(eV) 0.1484  0.1602 -0.0146 stable. The (Cd-complex), has negative hardness, which is non-
physical
Hardness is the opposite of softness, negative softness is an
o (eV)-1 6.7364  6.2416 -68.6813 anomalous and nonphysical outcome, which the author is responsible
for the calculation
- i (eV) 0.2214-  -0.1843 -0.3187 (ol = —y) the negative softness {and possibly the negative hardness}

electrostatic  potentials are  essential for
computational chemistry at active sites, which form
a simple rational drug design that develop stable and

Moreover, they help identify lacking electrons
(electrophilic) and (nucleophilic) electron-rich
areas, which are the properties that are essential for

chemical reactivity. MEP is commonly indicated by particular complexes (Faloye et al., 2025; Kurahatti

etal., 2025).

color: red corresponds to maximum electron
density, blue indicates the areas, while green color
indicates zone of nearly zero potential. (Derafa et al,,
2024; Abd El-Nasser & Ismail, 2025).

The electrostatic potential constant lines
illustrate electron density in the plane of the
molecule according to counter plots. The yellowish-
green portions typically are a sign of insufficient-
electron sites, while red represents reinforcing
electron-wealthy regions, specifically surrounding
heteroatoms (Fig. 13). MEP (Molecular electrostatic
potential) computations were carried out at (0.004
a.u.) for an electron density. The subsequent finding
of contour plots and MEP denote that the oxadiazole
ring demonstrates electron-donating properties and
are capable of hydrogen bonding with biological
target molecular (TARGET). Interpreting these

4.3. Natural Bond Orbital (NBO) analysis Studies

Divalent of Zinc-Cadmium complexes compound
with heterocyclic ligand (5-benzoyl methyl-1,3,4-
oxadiazole 2-thione) nitrogen and sulfur-containing
that carry out the role of worthwhile donator
positions. The (NBO) analysis reveals a significant
and strong trend of § gift chelation, supported by a
substantial overlap between completely full ligand
molecular orbitals and metal empty orbitals (Kazi,
2011; Nkungli et al, 2015). The heterocyclic
oxadiazole ring stable
configurations in these two complexes which have

achieves electronic
an essential role in their stability and reactivity. The
calculations confirm that divalent Zn complex was
greater energy of stabilization compared to divalent
Cd complex given its smaller size of Zn ion yielding
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strong results of § bonds (Singh et al.,, 2010; Bharty
etal, 2015).

Zn- complex

Figure 13. MEPS of Ligand and Zn, Cd complexes.

Positive charges are carried by both Zn and Cd (Zn: +
0.82, Cd: +0.95) and fewer than hypothetical charge
of divalent metal cations. This is a section with
predicted ionic metal-ligand in
(complexes) coordination compounds. The higher
positive charge on Cd compared to Zn reflects lower
electronegativity and larger ionic radius of cadmium,
contributing to greater transfer of charge from metal

nature of

to ligands. Higher negative charge on N2 (nitrogen
atom that coordinated to metal) in the complex of Cd
(-0.39 vs -0.29 for Zn) signifies greater electron
donation to the more positively charged (Cd). In Zn
complex, sulfur has a negative charge (-0.306), while
the Cd complex has a major impact considerably
more negative charge (-0.36). This shows clear data
of cadmium reality a softer Lewis acid than Zinc,
Enhances covalent bonding with sulfur soft donor
atom. The NBO charges offer a more profound
understanding of the charge transfer from ligands to
metal. The total ligand-to-metal charge transfer can
be calculated by comparing the formal charges with
the NBO charges (Ali et al., 2022). In Zn complex:
Total ligand charge = -1.82, indicating significant

© 2026 University of Sulaimani. All rights reserved.

charge transfer while Cd complex: Total ligand
charge = -1.95, showing even greater charge transfer
and sulfur charge difference (-0.03 vs -0.36) forecast
that Cd has a greater affinity for sulfur donors than
Zn (Fig. 14).

Table 6: NBO and charge (e) of ligand and Zn, Cd
complexes.

Donor Atom  Ligand Zn charge  Cd charge
——————————— 0.81782 0.94793
-0.2511 -0.27164
N1 - 0.27954
-0.25323 -0.26075
-0.42424 -0.39404
N2 -0.29108
-0.41468 -0.40928
-0.30631 -0.35684
S* -0.0341
-0.3086 -0.32743

* Sulfur atom coordinated to Zn and Cd metals
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@
¥

Figure 14. NBO Charge of atoms for Ligand and Zn, Cd
complexes.

5. Conclusions

This research successfully synthesized and
characterized novel divalent Ni (II), Zn (II), Cd (II),
and Hg (II) complexes with a 5-(benzoyl methyl)-
1,3,4-oxadiazole-2-thione ligand. Spectroscopic and
magnetic data confirmed distorted tetrahedral
geometries for the Zn, Cd, and Hg complexes and a
distorted square planar structure for the Ni complex.
All compounds behaved as non-electrolytes, and
analysis their proposed
stoichiometry.

elemental verified

Evaluation of antioxidant activity revealed that
the Zn (II) complex exhibited superior and stable
concentration-independent DPPH
scavenging ability (100% across all concentrations),
these data exceeded that of the ascorbic acid
standard and the other metal complexes, which

radical

exhibited  diminished  activity @ at  higher
concentrations due to comparative instability. The
activities of the Ni (II) and Cd (II) complexes
decreased at higher concentrations, indicating

relative instability.

Computational DFT and NBO analyses provided
electronic structure insights, showing a larger
HOMO-LUMO energy gap for the Zn complex,
correlating with its higher stability. NBO charge
calculations indicated significant ligand-to-metal
charge transfer, with the Cd complex showing a
greater affinity for the sulfur donor. These findings
establish a clear link between the structural
properties, stability, and bioactivity of the
synthesized complexes.
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