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A novel sulfur-bridged box dimer cadmium complex, [Cd2(bzpyetsc)2(Cl)2], of 2-
benzoylpyridine-N4-ethyl thiosemicarbazone [Hbzpyetsc] ligand prepared and 
characterized by various physicochemical methods, single crystal X-ray diffraction studies 
and spectroscopic methods. Single crystal X-ray diffraction studies showed that the 
prepared complex has a distorted square pyramid coordination around cadmium(II) and the 
compound crystallized in the monoclinic space group C2/c. The intermolecular hydrogen 
bonding and weak interaction provide a 2-dimensional laminar structure for the complex. 
The infrared spectra of the complex revealed that the thiosemicarbazone ligand coordinates 
to the metal center in its deprotonated thiolate form through the pyridine nitrogen, 
azomethine nitrogen and thione sulfur atoms. The electronic spectral data showed that the 
bands assigned to the azomethine bond in the ligand are slightly shifted upon complexation. 
Furthermore, the complex was optimized and evaluated computationally using the density 
functional theorem. The HOMO-LUMO analysis revealed that the energy gap is 1.876 eV. 
Theoretical investigations of the prepared complex are performed by Frontier molecular 
orbital and molecular electrostatic potential analysis to understand the electron 
distribution. From the MEP study, it was found that the electron density is predominantly 
localized around chlorine atoms. Hirshfeld analysis proved that the H-H interaction is the 
most notable intermolecular interaction. 
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1. Introduction 
 

The interesting field of coordination chemistry exhibits the 
notable ability of metal ions to form bonds with a wide variety 
of ligands. The transition-metal complex synthesized using 
organic ligands containing N and S heteroatoms as coordination 
sites is particularly important. The imine derivative ligand, 
thiosemicarbazone, has a wide range of biological properties 
[1,2]. Thiosemicarbazone multidentate ligands are more 
flexible and are sulfur-nitrogen-containing Schiff base ligands. 
Their conformational flexibility and the presence of different 
potential donor atoms allow for various modes of coordination 
with metal ions. Because of their diverse range of functions and 
stereochemical binding modes, a wide range of transition-metal 
complexes using thiosemicarbazones have been synthesized in 
recent years. 

Cadmium belongs to the d-block element and its electronic 
configuration is 4d105s2. The divalent (+2) oxidation state is 
more stable due to the closed d-shell. As a result of crystal field 
stabilization, the cadmium(II) ion with its d10 configuration 
displays a variety of coordination geometries based upon the 
interaction of electrostatic effects, the covalency, and the size 
factor. The main coordination numbers observed for Cd(II) are 

4, 5, and 6. Because the ionic radius of cadmium(II) is 
significantly larger, it exhibits a high preference for the 
formation of six coordinated octahedral species. Cadmium ion 
is widely used in the field of batteries, industrial plating, and as 
a pigment in plastics [3]. Cadmium complexes have potential for 
the treatment of cancer, but due to toxic side effects, their use is 
often limited [4]. Cadmium prefers easily oxidizable soft 
ligands, as the Cd2+ ion is considered a soft Lewis acid, but it is 
not a typical soft ion. It has a high degree of polarizability and 
its complexes with soft ligands have predominantly covalent 
bond characteristics. The stability of cadmium complexes 
varies, depending on the types of ligands. Due to its versatile 
coordinating abilities, Cd(II) gives simple complexes and even 
1D, 2D, and 3D polymeric structures, showing numerous 
applications. These polymers exhibit interesting physical 
properties. Cd2+ is capable of forming the most stable complexes 
with soft donor atoms (S > N > O). Typically, the stability of the 
complexes increases with the number of coordination groups 
contributed by the ligand; therefore, the complexes of Cd2+ with 
polydentate ligands containing SH groups are very stable. Cd(II) 
shows a strong interaction with the S2- group and forms highly 
stable complexes [5-11].  

 

ABSTRACT RESEARCH ARTICLE 

KEYWORDS 

https://dx.doi.org/10.5155/eurjchem.17.1.79-88.2784
https://www.eurjchem.com/
https://dx.doi.org/10.5155/eurjchem.17.1.79-88.2784
mailto:kannanpvl@gmail.com
http://www.eurjchem.com/
https://crossmark.crossref.org/dialog/?doi=10.5155/eurjchem.17.1.79-88.2784&domain=pdf&date_stamp=2026-03-31


80 Johnson et al. / European Journal of Chemistry 17 (1) (2026) 79-88 
 

 
2026 – European Journal of Chemistry – CC BY NC – DOI: 10.5155/eurjchem.17.1.79-88.2784 

 
Table 1. Crystal data and structure refinement parameters of [Cd2(bzpyetsc)2(Cl)2]. 
Parameters [Cd2(bzpyetsc)2(Cl)2] 
Empirical formula C30H30Cd2Cl2N8S2 
Molecular weight 862.48 
Color Yellow 
Temperature (T) K 296(2) 
Wavelength (Mo Kα) (Å) 0.71073 
Crystal system Monoclinic 
Space group C2/c 
Cell parameters  
a 20.9473(8)Å 
b 12.3048(8)Å 
c 16.1750(9)Å 
α 90° 
β 125.339(3)° 
γ 90° 
Volume V (Å3) 3401.0(3) 
Z 4 
Calculated density (ρ) (mg m-3) 1.684 
Absorption coefficient, μ(mm-1) 1.564 
F(000) 1712 
Crystal size (mm3) 0.50 x 0.45 x 0.40 
θ  range for data collection 2.59 to 28.00° 
Limiting indices -27 ≤ h ≤ 23, -16 ≤ k ≤ 16, -20 ≤ l ≤ 20 
Reflections collected 12530 
Unique Reflections (Rint) 4044 [R(int) = 0.0351] 
Completeness to θ 28.00 (98.6%) 
Absorption correction Semi-empirical from equivalents 
Maximum and minimum transmission 0.535 and 0.462 
Refinement method Full-matrix least-squares on F2 
Data / restraints / parameters 4100 / 1 / 204 
Goodness-of-fit on F2 1.161 
Final R indices [I > 2σ (I)] R1 = 0.0299, wR2 = 0.0702 
R indices (all data) R1 = 0.0375, wR2 = 0.0772 
Largest difference peak and hole (e Ǻ-3) 0.916, -0.796 

 
Cd(II) complexes have applications in catalysis, electro-

chemistry and have biological activities such as anticancer, 
antibacterial and antifungal activities [12-14]. Cd(II) exhibits a 
coordination number ranging from 4 to a 8 that corresponds to 
wide range of geometries [15]. 

Thiosemicarbazone-based ligands are well-known for their 
strong chelating properties via nitrogen and sulfur donor 
atoms, as well as their extensive coordination chemistry. Their 
metal complexes frequently show physicochemical and bio-
logical features in comparison to those of the free ligands. The 
2-benzoylpyridine-N4-ethylthiosemicarbazone (Hbzpyetsc) 
ligand is of great relevance in this context, as it can coordinate 
metal ions across numerous donor sites, stabilizing 
multinuclear metal frameworks. In this paper, we have 
synthesized a Cd(II) complex [Cd2(bzpyetsc)2(Cl)2] of the ligand 
2-benzoylpyridine-N4-ethyl thiosemicarbazone (Hbzpyetsc). 
Furthermore, we report the synthesis, molecular structure and 
computational work of [Cd2(bzpyetsc)2(Cl)2]. Detailed 
theoretical and experimental investigations initiate to 
comprehend the electronic structure and other properties 
suitable for various potential applications. The computational 
investigations enabled the identification of reactive regions and 
the elucidation of intermolecular interactions within the 
system. 
 
2. Experimental 
 
2.1. Synthesis 
 

We prepared a novel Cd(II) complex by refluxing an equal 
amount (0.5 mmol) of methanolic solution of cadmium chloride 
with the ligand 2-benzoylpyridine-N4-ethyl thiosemicarbazone 
(Hbzpyetsc). The prepared solution was cooled, filtered, and 
washed with distilled water. Following this, we employed a 
slow evaporation technique in dimethylformamide as a solvent 
to obtain yellow crystals of the complex. The product was 
subsequently characterized using spectroscopic and analytical 
techniques [16]. 

2.2. Molecular structure determination and refinement 
 

The X-ray intensity data of 12530 reflections (of which 
4044 are unique) were collected on a Bruker SMART APEXII 
CCD diffractometer, equipped with graphite monochromated 
MoKα (λ = 0.71073) radiation as the X-ray source. The crystal 
used for the data collection was of dimensions 0.5 × 0.45 × 0.40 
mm3. The dimensions of the unit cells were measured and the 
data collection was carried out at 296(2) K. The cell dimensions 
were determined by least-squares fit of angular settings of 4044 
reflections in the θ range 2.59° to 28.00°. All non-hydrogen 
atoms were refined anisotropically by full matrix least square 
method while all H atoms on C were refined in an isotropic 
approximation guided by difference Fourier maps, with C-H 
bond distances 0.93-0.96 Å. Hydrogen atoms were assigned as 
Uiso = 1.2 Ueq (1.5 for Me). The H atom (N4-H4′) was located from 
difference maps and its distance is restrained to 0.88±0.01 Å. 
SMART and Bruker SAINT software are used for data 
acquisition and data integration, respectively [17]. Absorption 
corrections were carried out using SADABS based on Laue 
symmetry using equivalent reflections [18]. The structure was 
solved directly using SHELXS97 [19]. The SHELXL97 software 
was used to refine the structure using full-matrix least squares 
calculations [20]. Molecular and crystal structures were drawn 
with Diamond software version 3.2 [21]. The crystallographic 
data and the structure refinement parameters for the 
compound are given in Table 1. The selected bond lengths and 
bond angles of the complex are given in Table 2. 
 
2.3. Computational studies 
 

The title complex was optimized and evaluated using 
Gaussian 09W software [22]. Geometry optimization and 
frequency calculation were done using density functional 
theory (DFT) with the B3LYP exchange correlation functional. 
The LANL2DZ basis set was used for the Cd atoms and the 6-
31G(d) basis set was used for the C, H, N, S, and Cl atoms [23].  
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Table 2. Selected bond lengths and bond angles of the cadmium complex. 
Bond length Experimental, Å Theoretical, Å Bond angles Experimental, Å Theoretical, Å 
Cd(1)–N(1) 2.319(2) 2.320 N(1)–Cd(1)–N(2) 70.28(8) 70.30 
Cd(1)–N(2) 2.343(2) 2.345 N(1)–Cd(1)–Cl(1) 98.97(6) 99.98 
Cd(1)–Cl(1) 2.151(5) 2.155 N(2)–Cd(1)–Cl(1) 142.92(6) 145.92 
Cd(1)–S(1) 2.6162(7) 2.616 N(1)–Cd(1)–S(1) 144.18(6) 147.18 
Cd(1)–S(1)#1 2.6225(8) 2.630 N(2)–Cd(1)–S(1) 74.02(6) 75.01 
S(1)–C(13) 1.770(3) 1.775 Cl(1)–Cd(1)–S(1) 107.86(3) 110.86 
S(1)–Cd(1)#1 2.6225(8) 2.620 N(1)–Cd(1)–S(1)#1 98.30(7) 100.32 
N(2)–N(3) 1.369(3) 1.368 N(2)–Cd(1)–S(1)#1 107.96(6) 107.98 
N(3)–C(13) 1.308(3) 1.301 Cl(1)–Cd(1)–S(1)#1 108.69(3) 105.69 
   S(1)–Cd(1)–S(1)#1 95.16(2) 95.22 
   C(13)–S(1)–Cd(1) 97.53(9) 96.53 
   C(13)–S(1)–Cd(1)#1 96.39(9) 96.55 
   Cd(1)–S(1)–Cd(1)#1 84.05(2) 85.05 
Symmetry code: #1-x+1, y, -z+1/2. 
 

(a) 
 

(b) 
 

Figure 1. Molecular structure of [Cd2(bzpyetsc)2(Cl)2]. Symmetry transformations used to generate equivalent atoms: #1 -x+1, y, -z+1/2. 
 
The optimized geometry was later used to find the Frontier 

molecular orbital analysis (HOMO-LUMO) [24,25]. A smaller 
HOMO-LUMO energy gap generally indicates a higher reactivity 
and a lower kinetic stability. Molecular hardness is also 
correlated with the HOMO-LUMO gap. These analyses are very 
helpful for gathering information about the electronic 
distribution and stability of the complex. The molecular 
electrostatic potential (MEP) map provides information on the 
three-dimensional electron distribution in a molecule [26]. It 
specifies the regions of high and low electron density. The 
calculated values of the molecular electrostatic potential are 
usually represented with contours of the same potential in a 
selected plane. The title complex was color coded using the MEP 
diagram and the reactive and nonreactive regions was 
identified [27]. 
 
3. Results and discussion 
 
3.1. Synthesis 
 

The ligand Hbzpyetsc was prepared by the condensation 
reaction of 2-benzoylpyridine (0.183 g, 1 mmol) and N4-

ethylthiosemicarbazide (0.119 g, 1 mmol) in acidic condition. 
The ligand Hbzpyetsc (0.142 g, 0.5 mmol) and the metal salt 
CdCl2· 2H2O (0.114 g, 0.5 mmol) are taken in a 1:1 molar ratio 
in methanol and refluxed for 4 h, resulting in the formation of 
[Cd2(bzpyetsc)2(Cl)2]. The obtained crystal is separated and 
recrystallized. 
 
3.2. Crystal structure analysis 
 

The title complex was characterized using single-crystal X-
ray analysis. The product crystallized in a monoclinic space 
group C2/c and has a distorted square pyramidal geometry. The 
two cadmium centers are bridged by S atoms and form a box-
dimer structure. The two cadmium atoms are separated by 
3.507 Å and the bridging sulfur atoms by 3.867 Å [28]. The 
tridentate ligand coordinates with the metal center by the 
formation of two fused five-membered chelate rings Cd–N–N–
C–S and Cd–N–C–C–N. Each Cd(II) ion is pentacoordinated with 
two imine nitrogen atoms, a sulfur atom from a thiosemi-
carbazonate ligand, a sulfur atom of adjacent ligand acting as a 
bridge, and with chlorine atom. The molecular structure of the 
complex is shown in Figure 1. 
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Table 3. Interaction parameters for [Cd2(bzpyetsc)2(Cl)2] *. 
H-bonding 
D–H···A D–H (Å) H···A (Å) D···A (Å) D–H···A (°) 
N(4)-H(4')···Cl(1)#2 0.879(10) 2.513(17) 3.324(3) 154(3) 
C–H···𝝅𝝅 interactions 
C-H(I)···Cg(J) C-H (Å) H···Cg (Å) C···Cg (Å) ∠C-H···Cg (°) 
C15-H15C···Cg(3)  2.86 3.440(7) 120 
Metal···π interaction 
Cg(I)···Me(J) Cg···Me (Å) β (°)   
Cg(2)–Cd(1) 3.155 35.29   
* Equivalent position codes: #2=x, -y+1, z+1/2; Cg(2): Cd(1)–S(1)–C(13)–N(3)–N(2); Cg3: Cd(1)–N(1)–C(5)–C(6)–N(2); D = Donor, A = acceptor, Cg = Centroid of 
the ring; β = Angle between Cg(I)···Cg(J) vector and Cg(J) perp. 
 

 
 

Figure 2. Intermolecular hydrogen bonding interactions for [Cd2(bzpyetsc)2(Cl)2]. 
 

 
 

Figure 3. Packing diagram of viewed along a axis for [Cd2(bzpyetsc)2(Cl)2]. 
 
Due to the deprotonation of the ligand, the C-S bond showed 

larger bond distances (1.770 Å) than the normal thione bond 
(1.6 Å), which is between a single and a double bond, as it has 
been already observed in the cases of other similar species and 
this can confirm the deprotonation of the ligand [29]. An 
intermolecular hydrogen bond formed between the thioamide 
proton and the chloride atom. The intermolecular hydrogen 

bonding interactions are shown in Figure 2. Two dimer units 
packed in a laminar structure, resulting in a 2D network. The 
packing diagram of the complex viewed along a axis is shown in 
Figure 3. Several other intermolecular interactions such as 
weak C–H···π and metal···π bonding reinforces the crystal 
packing. C–H···π and metal···π interactions are shown in Figure 
4. The various interaction parameters are shown in Table 3. 
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(a) 
 

(b) 
 

Figure 4. (a) Metal···π interaction and (b) C–H···π interactions for [Cd2(bzpyetsc)2(Cl)2]. 
 
The structure of the complex is further studied by elemental 

analysis and infrared and ultraviolet spectroscopy. IR spectral 
data of the free ligand (Hbzpyetsc) and its cadmium complex 
[Cd2(bzpyetsc)2Cl2] are summarized as follows: For Hbzpyetsc, 
the ν(C=N) stretching vibration appears at 1583 cm-1, while the 
ν(N–N) vibration is observed at 1107 cm-1. The ν(C=S)/ν(C–S) 
bands are detected at 1306 and 812 cm-1. No ν(O–H), 
δ(C=S)/δ(C–S), or ν(C–O) bands were reported. For the 
[Cd2(bzpyetsc)2Cl2] complex, the ν(C=N) band shifts to 1592 
cm-1, and a newly formed ν(C=N) band appears at 1506 cm-1. 
The ν(N–N) vibration is observed at 1111 cm-1. The ν(C=S)/ν(C–
S) bands appear at 1322 and 854 cm-1. No ν(O–H), δ(C=S)/δ(C–
S), or ν(C–O) bands were reported. The electronic spectrum of 
the free thiosemicarbazone ligand (Hbzpyetsc) shows an 
absorption band at 30,840 cm-1, which can be attributed to n → 
π* and π → π* transitions within the conjugated ligand system. 
Upon complexation with Cd(II), this band shifts to 33,131 cm-1, 
indicating changes in the electronic distribution as a result of 
coordination. Furthermore, a band observed at 23,600 cm-1 in 
the ligand spectrum shifts to 24,636 cm-1 in the complex and can 
be assigned to a metal-to-ligand charge transfer (MLCT) 
transition. These spectral changes confirm the interaction 
between the ligand and the Cd(II) center and support the 
formation of the coordination complex. 
 
3.3. Hirshfeld surface analysis 
 

Hirshfeld surface analysis gives detailed information on the 
interactions in the crystal structure. Crystal Explorer 3.1 
software was used for this study [30]. Hirshfeld surface analysis 
was carried out to evaluate the nature and extent of 
intermolecular interactions with the percentage of the 
individual interactions of title complex. Figure 5 shows the 
various contacts on the Hirshfeld. The dnorm (normalized 

measure of intermolecular contact distances relative to van der 
Waals radii) (a), de (distance from the Hirshfeld surface to the 
nearest external atom) (b), shape index (property that reveals 
complementary surface shapes) (c), curvedness (measure of 
how much flat or curved the region is) (d), and fragment 
patches (shows which nearby molecules touch different parts 
of the surface) (e) were mapped using standard indices. 

The dnorm was calculated using Equation 1. 
 
𝑑𝑑𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛 = 𝑑𝑑𝑖𝑖−𝑟𝑟𝑖𝑖𝑣𝑣𝑣𝑣𝑣𝑣  

𝑟𝑟𝑖𝑖𝑣𝑣𝑣𝑣𝑣𝑣
+ 𝑑𝑑𝑒𝑒−𝑟𝑟𝑒𝑒𝑣𝑣𝑣𝑣𝑣𝑣

𝑟𝑟𝑒𝑒𝑣𝑣𝑣𝑣𝑣𝑣
     (1) 

 
In Equation 1, rvdw is the van der Waals radius of atoms, 

while de denotes the distance from the Hirshfeld surface to the 
nearest external nucleus, and di is the analogous distance to the 
closest internal nucleus. Contacts shorter than the sum of the 
van der Waals radii appear as bright red spots. The dnorm surface 
is visualized using a red-white-blue colour scale. Interactions 
longer than the van der Waals radii are shown in blue, while 
contacts close to the van der Waals separation correspond to 
the white regions [31-34]. The shape index curve is useful for 
identifying the π-π stacking and surface matching. The red and 
triangular patterns observed on the shape index surface 
indicate the presence of π-π stacking interactions between 
aromatic rings, while the complementary red and blue regions 
in the neighbouring molecules reflect the degree of surface 
matching within the crystal lattice [35,36]. Such interactions 
are commonly observed in similar coordination complexes. 
Consecutive red and blue triangular regions around aromatic 
rings have also been reported in the literature [37], confirming 
that π-π stacking interactions are a characteristic feature in 
these types of systems. Curvedness measures how flat or 
curved the surface is at each point, and fragment path shows 
which parts of the surrounding molecule interact with different 
regions of the surface.  
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(a) (b) 

 
(c) 

  
(d) (e) 

 
Figure 5. Hirshfeld surfaces mapped for (a) dnorm surfaces, (b) de, (c)shape index, (d) curvedness, and (e) fragment patch of [Cd2(bzpyetsc)2(Cl)2]. 

 

   
Overall (100%) 

 
H-H/H-H (44.8%) 

 
C-H/H-C (9.5%) 

 

  
N-H/H-N (2.6%) 

 
S-H/H-S (5.5%) 

Figure 6. Relative individual contributions of the atoms in the title complex. 
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ELUMO = -5.73643 eV 

 
ΔE = 1.876 eV 

 
EHOMO = -7.61266 eV 

 
 

Figure 7. HOMO-LUMO plot of [Cd2(bzpyetsc)2(Cl)2]. 
 
In Figure 5, the blue lines on the curved surface indicate the 

edges and corners that are less involved in face-to-face contacts. 
In the fragmentation path light violet, green, and blue colours 
are observed. These colors themselves do not mean stronger or 
weaker interactions. They are just identifiers to see which parts 
of the molecule interact with which neighbors. Different colors 
indicate different region touching the neighboring molecule. 
The 2-dimensional fingerprint plot showing the main specific 
contribution of the atoms to the total surface is shown in Figure 
6. 

The most dominant interaction here is the H-H contact with 
44.8%. The second most dominant interaction is C-H (9.5%). All 
other interactions are relatively small. While H···H interactions 
(30.3%) were reported as the second most dominant contacts 
in related Cd(II) complexes [38], in the present structure, they 
constitute the largest contribution to the Hirshfeld surface. This 
suggests that dispersive van der Waals interactions play a more 
prominent role in governing the crystal packing of the current 
complex. 
 
3.4. HOMO-LUMO analysis 
 

HOMO-LUMO analysis reveals that the HOMO is mainly 
located on the Cd metal, nitrogen atoms, and sulfur atoms. 
LUMO is in the nitrogen atom connected to the metal and the 
nearby regions. The HOMO-LUMO plot of the title complex is 
shown in Figure 7. The energy gap is found to be 1.876 eV. From 
the HOMO-LUMO values, all other important parameters of the 

complex can be calculated from the Koopmans theorem [39]. 
The ionization energy of the title complex (7.613 eV) indicates 
moderate to strong resistance to electron loss. According to 
Koopmans’ theorem, the global reactivity parameters of the 
title complex are [40]: electron affinity (A) = 5.736 eV, chemical 
potential (μ) = -6.675 eV, global hardness (η) = 0.938 eV, global 
softness (S) = 1.066 eV-1 and electrophilicity index (ω) = 23.75 
eV. These findings imply that the title complex has strong 
electronic stability and mild chemical reactivity. The 
comparatively high ionization potential (7.613 eV) indicates 
considerable resistance to electron removal, which means that 
the complex is difficult to oxidize. The significant electron 
affinity (5.736 eV) and high electrophilicity index (23.75 eV) 
indicate a strong inclination to take electrons, indicating a 
pronounced electrophilic nature. The system's negative 
chemical potential (-6.675 eV) indicates thermodynamic 
stability, whereas the moderate global hardness (0.938 eV) and 
the softness (1.066 eV-1) show a balanced ability to resist and 
tolerate charge transfer. A band gap of 1.87 eV enables efficient 
absorption in the visible region, suggesting that the Cd(II) 
complex may be a potential candidate for visible light-driven 
photocatalytic applications such as organic dye degradation, 
environmental remediation, and hydrogen evolution [41]. 
 
3.5. Molecular electrostatic potential analysis 
 

The MEP study was conducted to find the electronic 
distribution   in   the   complex.   It   represents   the   electrostatic  
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Figure 8. Electrostatic potential map of the title complex. 
 
potential created by the nuclei and electrons of a molecule in a 
three-dimensional space, mapped onto an electron density 
surface. The MEP provides direct information on regions 
susceptible to electrophilic and nucleophilic attack [42]. The 
electrostatic potential map of the title complex is shown in 
Figure 8. As evident in Figure 8, the electron density is 
predominantly localized around the chlorine atoms. The red 
regions observed around Cl7 and Cl44 indicate areas of high 
electron density, while the green and blue areas correspond to 
the neutral and electron-deficient regions. The positively 
charged regions (blue) are associated with nucleophilic 
reactivity, whereas the negatively charged regions (red) are 
favorable for electrophilic attack. The localization of negative 
electrostatic potential around the electronegative atoms is 
consistent with previously reported MEP studies of 
coordination complexes, where halide and heteroatoms (such 
as N and S) typically exhibit regions of high electron density. 
Similar charge distribution patterns have been observed in 
related metal-ligand systems, supporting the reliability of the 
present electronic structure analysis [43-45]. 

 
4. Conclusions 
 

In this research study, a Cd(II) complex with two NNS 
thiosemicarbazone-based donor ligands was synthesized and 
reported. The Cd(II) ion gives a distorted square pyramidal 
structure. The reported compound is a sulfur-bridged box 
dimer cadmium complex, which is rare for thiosemicarbazone 
ligands. The molecular structure of the complex is confirmed by 
the X-ray diffraction technique, elemental analysis, IR and UV 
spectroscopic methods. The title complex was further analyzed 
by density functional theorem. The compound was optimized 
and its bond lengths and bond angles were compared with the 
corresponding experimental values. The close agreement 
between the theoretical and experimental data demonstrates 
the reliability and accuracy of the computational study. HOMO-
LUMO analysis indicated that the complex is electronically 
stable with moderate chemical reactivity. In addition, molecular 
electrostatic potential analysis was performed to determine the 
reactive hot spots.  Hirshfeld surface analysis was performed to 
quantify the intermolecular interactions which are responsible 
for crystal packing and molecular stability. 
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