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Abstract 

Due to their many uses in areas including catalysis, material science, and pharmaceutical chemistry, 
transition metal complexes have drawn a lot of interest. Zinc(II) complexes formed from N,N-donor 
ligands have become a potential class of molecules for transition metals. An extensive review of the 
synthesis, characterisation, and uses of zinc(II) complexes produced from N,N-donor ligands is the 
goal of this research study. The many N,N-donor ligands utilised to coordinate with zinc(II) ions are 
discussed in the study, along with their synthesis methods, structural variety, and spectroscopic 
characterization methodologies. The research also examines the many uses of these complexes, such 
as their catalytic activity, luminous characteristics, and biological importance. Overall, this study 
underscores the importance of zinc(II) complexes produced from N,N-donors in current research and 
illustrates their diversity and potential. 
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Introduction 

Transition metal complexes have long been appreciated for their fascinating forms, distinctive 
characteristics, and wide range of scientific uses. Due to their outstanding adaptability and promise 
in current research, zinc(II) complexes made from N,N-donor ligands have attracted the most interest 
among these transition metals. Zinc(II) ions' capacity to form stable complexes with N,N-donor 
ligands provides a platform for investigating the fascinating coordination chemistry of these ions as 
well as taking advantage of a variety of their applications in catalysis, materials science, and 
medicinal chemistry. 

As a transition metal, zinc has unique qualities that make it a desirable option for complex creation. 
Due of its full 3D subshell, it may adopt different coordination geometries and display a variety of 
chemical reactions. Furthermore, the comparatively low charge density of zinc(II) ions makes them 
accessible to a variety of ligands, including N,N-donors. The ability of N,N-donor ligands to form 
stable complexes with zinc(II) ions has been shown. These ligands are distinguished by having 
nitrogen atoms function as electron pair donors. These ligands' coordination to zinc(II) affects the 
structure and stability of the resultant complexes as well as giving them certain physicochemical 
characteristics. 

The coordination of these ligands to zinc(II) ions via their nitrogen atoms is necessary for the 
creation of zinc(II) complexes formed from N,N-donor ligands. To accomplish this coordination, many 
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synthetic techniques have been devised using various reaction circumstances and procedures. With 
the use of these techniques, a large variety of zinc(II) complexes with specialised structures and 
characteristics may be designed and produced. 

Understanding the structure-function connections of zinc(II) complexes formed from N,N-donor 
ligands depends on their characterisation. Techniques for structural characterisation, such X-ray 
crystallography, provide thorough details on the coordination geometry and bonding modes in these 
complexes. Nuclear magnetic resonance (NMR), infrared (IR), and ultraviolet-visible (UV-Vis) 
spectroscopy are spectroscopic methods that provide information on the electronic and vibrational 
characteristics of the complexes. Thermal analysis and mass spectrometry methods also aid in the 
thorough characterisation of these complexes. 

The kind of ligands and the coordination environment around the zinc(II) ion have a significant 
impact on the structural variety and characteristics of zinc(II) complexes generated from N,N-donor 
ligands. The entire structure and characteristics of the complexes, including their luminous and 
magnetic properties, are influenced by the coordination geometry, ligand field effects, and steric 
variables. It is essential to comprehend these structure-property correlations in order to modify the 
complexes for certain applications. 

Zinc(II) complexes made from N,N-donor ligands are adaptable, which has led to a variety of uses for 
them. These compounds show promise catalytic activity in a variety of organic transformations, 
including processes that create bonds between carbon atoms and heteroatoms. They are useful in 
materials science as well, as they aid in the creation of sophisticated materials with certain features. 
Additionally, zinc(II) complexes made from N,N-donors have shown considerable biological 
significance and have found use in the development of drugs, bioimaging, and enzyme mimicry. 

Synthetic Strategies: 

N,N-donor ligand selection: 

In order to create zinc(II) complexes, proper N,N-donor ligand selection is essential. The majority of 
N,N-donor ligands have two or more nitrogen atoms that may coordinate to the zinc(II) ion. 
Numerous variables, including as the intended coordination geometry, steric effects, and the desired 
characteristics of the resultant complex, influence the choice of ligands. Diamines, amino alcohols, 
imines, pyridines, and their derivatives are frequently used N,N-donor ligands. These ligands' various 
functional groups enable for modification of the electronic and steric characteristics, allowing for 
fine-tuning of the properties of the resultant complex. 

N,N-donor ligand coordination modes: 

Different coordination modes may be seen when N,N-donor ligands bind to the zinc(II) ion. They may 
form monodentate or chelating complexes by coordinating via one or more nitrogen atoms. Due to 
the creation of a chelate ring, chelating ligands like ethylenediamine provide a more stable 
coordination environment around the zinc(II) ion. The overall structure, stability, and characteristics 
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of the zinc(II) complex are greatly influenced by the ligand's method of coordination. 

Synthetic techniques for producing zinc(II) complexes: 

For the creation of zinc(II) complexes produced from N,N-donor ligands, a number of synthetic 
techniques have been devised. The kind of ligand and the intended complex determine the best 
synthesis technique to use. Typical synthetic methods include: 

a) Ligand substitution: In this technique, the N,N-donor ligand is reacted with a zinc(II) precursor, 
such as a zinc salt, in a suitable solvent. To help the desired complex form, ligand substitution 
processes are often carried out in controlled environments like reflux or room temperature. 

b) Template synthesis: In this method, the coordination of the N,N-donor ligand uses a zinc(II) 
complex that has already been produced as a template. A metal-organic framework (MOF), 
coordination polymer, or a premade zinc(II) complex with appropriate coordinating sites for the 
ligand may all serve as the template. The template then directs the creation of the appropriate 
compound once the ligand is added. 

b) One-pot synthesis: In this technique, the ligand and complex are formed simultaneously in a single 
reaction mixture. When the ligand and complex building phases are compatible and can take place 
simultaneously, this strategy is very helpful. 

Case studies of representative zinc(II) complexes derived from N,N-donors: 

The variety and promise of zinc(II) complexes formed from N,N-donor ligands are highlighted by a 
number of exemplary examples. These case studies illustrate the synthetic techniques used and 
provide insight into the composition and characteristics of the compounds. 

a) [Zn(phen)2]2+ (phen = 1,10-phenanthroline): This combination was created by substituting the 
ligand, and the zinc(II) ion is surrounded by a deformed octahedral coordination geometry. Due to its 
luminous characteristics, it may be used in sensors and other optoelectronic devices. 

b) [Zn(bipy)3]2+ (bipy = 2,2'-bipyridine): This complex adopts a tris-chelate coordination state with 
three bipyridine ligands and is created by template synthesis utilising a preexisting zinc(II) complex. 
It has been used in photocatalytic applications and has significant visible-range absorption. 

Two en ligands coordinate to the zinc(II) ion in this complex, which is created by the replacement of 
ligands. c) [Zn(en)2]2+ (en = ethylenediamine). In a number of organic transformations, including the 
Henry reaction and the asymmetric aldol reaction, it demonstrates catalytic activity. 

The various coordination geometries, synthesis strategies, and uses of zinc(II) complexes produced 
from N,N-donor ligands are shown through the case studies. They provide as an example of how 
these complexes may be used in a variety of sectors, such as materials science, catalysis, and 
luminescence. 
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Structural Diversity and Properties: 

Geometries for coordination in zinc(II) complexes 

Depending on the nature of the donor ligands and the coordination environment around the zinc(II) 
ion, zinc(II) complexes produced from N,N-donor ligands may display a broad variety of coordination 
geometries. Tetrahedral, trigonal bipyramidal, square planar, octahedral, and deformed octahedral 
coordination geometries have all been noted. The coordination geometry is significantly influenced 
by the ligands chosen and their coordinating modes. The overall structure and characteristics of the 
complexes are impacted by the coordination geometry, which also affects how the ligands are 
arranged in space around the zinc(II) ion. 

Effect of N,N-donor ligands on the characteristics of complexes: 

The characteristics of zinc(II) complexes are strongly influenced by the N,N-donor ligands. The 
stability, reactivity, and spectroscopic characteristics of the complexes are influenced by the 
electronic and steric characteristics of the ligands as well as the coordination environment 
surrounding the zinc(II) ion. For instance, ligands containing electron-withdrawing groups might 
affect the density of electrons at the zinc(II) centre, changing the complex's redox characteristics or 
catalytic activity. Similar to how thin ligands may influence reaction kinetics, bulky ligands can alter 
the steric accessibility of the coordination site. The solubility, crystal packing, and thermal stability of 
the complexes may all be modified by the ligands used. 

Zinc (II) complex luminescent properties: 

N, N-donor ligand-derived zinc(II) complexes are renowned for their fascinating luminous 
characteristics. Complexes exhibiting a range of luminous behaviours are created when ligands that 
may sensitise the luminescence of the zinc(II) ion are present. These complexes are appealing for 
applications including sensors, light-emitting diodes (LEDs), and biological imaging because they 
may display emission in the visible or near-infrared ranges. Factors include ligand-field effects, 
coordination geometry, and the kind of ligands linked to the zinc(II) ion all have an impact on the 
luminous characteristics of zinc(II) complexes. 

Zinc(II) complexes' magnetic properties 

N,N-donor ligand-derived zinc(II) complexes may also display intriguing magnetic characteristics. 
While zinc(II) does not naturally have unpaired electrons, complexes with magnetic properties may 
form when it is combined with paramagnetic ligands or other magnetic substances. For instance, 
ligands with transition metal centres or organic radicals may provide the complexes with magnetic 
characteristics. knowledge spin interactions, magnetic anisotropy, and possible applications in spin 
crossover materials, molecular magnets, and spintronics need a thorough knowledge of the magnetic 
characteristics of zinc(II) complexes. 

The potential for numerous uses of zinc(II) complexes produced from N,N-donor ligands is 
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highlighted by the structural variety and characteristics of these compounds. These complexes may 
be designed and tailored to meet particular requirements in catalysis, luminescence, magnetism, and 
other fields of study thanks to the capacity to alter their coordination geometry, ligand 
characteristics, and electronic structure. 

Applications: 

Catalytic activity of complexes made of zinc(II): 

Significant catalytic activity in a number of organic transformations has been shown by zinc(II) 
complexes generated from N,N-donor ligands. These complexes may operate as catalysts in a variety 
of reactions, such as asymmetric synthesis, the creation of carbon-carbon and carbon-heteroatom 
bonds, and polymerization procedures. The catalytic effectiveness, selectivity, and reaction processes 
of these complexes are influenced by the coordination environment around the zinc(II) ion as well as 
the electronic and steric characteristics of the ligands. Zinc(II) complexes are useful tools in synthetic 
chemistry because of their catalytic activity, which enables the creation of novel and effective 
pathways for the synthesis of complex organic compounds. 

Materials science applications: 

 Zinc(II) complexes derived from N,N-donor ligands have been explored for their applications in 
materials science. To provide unique qualities to different materials, these complexes may be 
introduced. For instance, their usage as dopants in organic light-emitting diodes (OLEDs) has 
improved device performance and increased luminosity. Additionally, metal-organic frameworks 
(MOFs) and coordination polymers with adjustable porosity, surface area, and gas adsorption 
characteristics have been created using zinc(II) complexes as precursors. The manufacture of thin 
films, coatings, and nanoparticles with specific features for use in sensors, optoelectronics, and 
energy storage technologies has also proven useful for zinc(II) complexes. 

Zinc(II) complexes of biological importance 

Zinc(II) complexes made from N,N-donor ligands demonstrate biological significance and have 
prospective uses in a variety of biomedical fields. Zinc(II) plays important functions in biological 
systems. These complexes are excellent candidates for drug discovery and development since they 
have shown antibacterial, anticancer, and antiviral properties. Complexes of zinc(II) have been 
investigated as possible enzyme inhibitors and have the potential to target certain disease-related 
biological processes. Additionally, zinc(II) complexes may be used as imaging probes for biological 
research, such as cellular imaging and bioimaging in vivo, due to their luminous characteristics. 
Designing bioactive molecules with higher selectivity, decreased toxicity, and improved 
pharmacokinetic characteristics is made possible by the ability to modify the properties of zinc(II) 
complexes. 
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Case examples illustrating various applications: 

a) Enantioselective Friedel-Crafts alkylation was facilitated by the use of a zinc(II) complex produced 
from a chiral N,N-donor ligand as a catalyst. This allowed the production of optically active molecules 
with high enantiomeric excess. 

b) Materials Science: An improved electroluminescence and device efficiency were shown when a 
zinc(II) complex was integrated into a polymeric matrix and used as a luminescent material for the 
manufacture of light-emitting devices. 

c) Biological Relevance: By inhibiting particular enzymes involved in tumour growth and 
angiogenesis, a zinc(II) complex with a modified N,N-donor ligand has shown strong anticancer 
action, underlining its potential as a targeted therapeutic agent. 

The many uses of zinc(II) complexes produced from N,N-donor ligands are shown in these case 
studies, which also highlight their importance in catalysis, materials science, and biological research. 
These complexes have enormous promise for tackling existing problems and expanding scientific 
understanding in a variety of domains due to their adaptability and customizable features. 

Conclusion 

In conclusion, complexes of zinc(II) formed from N,N-donor ligands display intriguing characteristics 
and a broad spectrum of structural diversity, making them useful in a variety of applications. The 
coordination geometries, stability, and reactivity of the resultant complexes are strongly influenced 
by the selection of N,N-donor ligands. The overall structure and characteristics of the zinc(II) 
complexes are greatly influenced by the coordination modes of N,N-donor ligands. 

The ligand substitution, template synthesis, and one-pot techniques used in the synthetic procedures 
for the creation of zinc(II) complexes provide for flexibility in the design and synthesis of these 
complexes. Case studies of exemplary zinc(II) complexes demonstrate the variety of their structures 
and features, ranging from luminous characteristics to catalytic and magnetic behaviours, and 
illustrate the synthetic techniques used to create them. 

Numerous uses are made possible by the structural variety of zinc(II) complexes produced from N,N-
donor ligands. These complexes are useful tools in synthetic chemistry since they have shown 
catalytic activity in a variety of chemical reactions. Zinc(II) complexes have been used in 
optoelectronic devices, MOFs, thin films, and coatings, demonstrating their potential for modifying 
the characteristics of materials. Additionally, the promise of zinc(II) complexes in biomedical 
research has been highlighted by studies into the biological significance of these compounds in drug 
development, enzyme inhibition, and biomedical imaging. 

In general, zinc(II) complexes generated from N,N-donor ligands show structural variety, fascinating 
characteristics, and a wide range of applications in catalysis, materials science, and biology. The 
creation of new complexes with improved features and applications in a variety of scientific and 
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technical fields offers promise for future study in this discipline. Our grasp of these complexes' basic 
features will grow as we continue to explore them, and we will be able to use them in more 
applications. 
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