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A new azo carboxylate metal complex is synthesized by using the complexation of ligand (H3L) with Zn(II)
metal salt using the molar ratio , Ligand: Metal = 2:1. The synthesized compound was characterized by
single instrumental method such as experimental Ultraviolet—Visible spectroscopy . It is to be expressed
that the tetrahedral structural geometry of Zn (II) complex changes the geometry of synthesized azo metal
complex and also the structure—activity relationship of the ligand including their complexation indicate
that the presence of electron-donating moieties in the chemical structure increases the superior activity.
Here zinc(Zn) metal binded with the azo carboxylate ligand whereas Ultra Violet-Visible study confirmed
that the transition occurred as Charge-Transfer (CT) transition. A mini review is done by the computational
techniques which is utmost essential for further importing the inherent properties. Although the
comparative experimental and theoretical study will figure out the multiple features and applicability of
the desired compound and precursors.
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1. INTRODUCTION

Studying azo carboxylate ligands made interests for the researchers due to their various properties and
aspects. Azo carboxylate ligands specifically contain the azo ligand and the carboxylate ligand after diazo
coupling reactions. These ligands are often synthesized by the various starting materials such as the
aromatic amines and the carboxylic acid containing compound , later on binding with metal complexes
also. In the coordination chemistry, azo ligands act as the chelating ligands, binding to metal ions through
donor atoms like nitrogen, oxygen etc and their behavior in coordination chemistry characterized
by diverse coordination modes, those significantly impact the resulting complexes’ structures and
properties. The resulting complexes exhibit interesting photophysical, electronic, and biological properties,
driven by the delocalized electron systems of the azo chromophore. This behavior makes them valuable
in applications such as catalysis, dyes, and medicine, materials etc. Azo complexes are often intensely
colored due to the extended pi-conjugation and delocalization of electrons across the ligand and metal
center. The reason behind their selection for their structural, electronic and functional advantages and
special properties. The ligand containing electron rich nitrogen atoms when coordinate with other
functional groups such as carboxylates, then the behaviour of the metal binding strength of the ligands
are utmost. Their physical and chemical properties rely on the sensor’s applications, photochemistry and
optical materials etc. They simultaneously provide access to the metal organic frameworks,
supramolecular assemblies, material applications. Here it has been discussed about the azo carboxylate
zinc complex due to their immense attention to the potential biological activities, such as antitumor,
antiviral, anti-bacterial, anti-fungal, larvicidal and anti-tuberculosis activities etc. In addition to this,
carboxylate ligands also play an important role in the structures of Zn (II) complexes because they can
coordinate to zinc atoms in different modes such as monodentate, chelating bidentate, and bridging
bidentate, donating fashions etc.

Azo compounds are highly colored compounds those used as widespread in dyes and pigments in a variety
of applications including fibers, coloring a large variety of leather, clothing, food, toys, medical devices,
plastics, cosmetics, and dyeing of textile, as well as nonlinear and photo electronics, especially in optical
information storage, biological, medical studies, and advanced applications. In case of the development
of metal complexes, the most important step should be implemented by the design and synthesis of the
ligands those are implement applicability in the research field which exhibited by the unique properties
and novel reactivity due to the electron-donor, electron-acceptor properties, structural, functional groups,
and the position of the ligand in the coordination sphere.

Azo dyes with hydrophobic characters have wide applications especially when these dyes exhibit
superhydrophobic characters. Some applications of water repellency include clothing that will be both
breathable and water repellant, umbrellas that stayed completely dry, building materials, paints, epoxies,
and silicones. Superhydrophobic paints and epoxies could greatly reduce the cost of transporting goods,
also eliminate many of the effects of ice storms and aircraft icing. Low-permeability paint, used as a water
and vapor barrier, is the standard way of protecting metal surfaces from corrosion. Superhydrophobic
biomaterials are also being evaluated in more demanding biological applications, such as the prevention
of blood coagulation and drug delivery. Naturally occurring azo ligands have been found in invertebrates,
plants, bacteria, and fungus. These physiologically active diazene-containing alkaloids been shown to
have pharmacological actions that include anticancer, antimicrobial, and antibacterial activities. 1"l
Transition metals play a crucial role in the ‘Chemistry of Azo Compounds’ by acting as central nodes that
stabilize and modify the molecules with coordination bonding. The significance of this bonding lies in the

IJFMR260588514 Volume 8, Issue 5, September-October 2026 2



http://www.ijfmr.com/

i International Journal for Multidisciplinary Research (IJFMR)

IJFMR E-ISSN: 2582-2160 e Website: www.iffmr.com e Email: editor@ijfmr.com

synergistic interplay between the metal’s vacant d orbitals and azo group’s system. The lone pair of
electrons from azo ligand to the metal centre and nearby coordinating through functional groups. Highly
impactful significant and boosted efficacy in medical applications which reduces the polarity of the metal
ion and increases the lipophilicity of the complex and multiple applications which show cytotoxicity
against cancer cells and lines. In the industrial applications transition metal acts as the mordants , increased
with surface area , enhanced with lightfastness and effective corrosion inhibitors or metallic environments.
The transition metal complexes show electrical and optical properties. They used as precursors for
catalysts in the various reactions. Transition metals are enriched with biological active and those are
optically active having potential applicability and their physical properties are suitable for the advanced
technology. The transition metals such as Fe , Cu, Ni, Co ,Zn etc (From first transition series elements)
arise from d-d transitions , charge transfers transitions and chemically active for the coordinating with the
azo ligand based compounds and their moieties. These complexes are essential for developing the
advanced drugs , dyeing industrial applications , corrosion inhibitors , photosensitizers electronic and
optical applications. The choosing of the transition metal for the azo carboxylate compounds are really
essential for the research work. 127111

Antibacterial.
Antimicrobial,
Antifungal. Anticancer
efc

ZINC
_ (Zn)

Immunotherapy, PDT, Drug

Delivery etc

Figure 1 :- Zinc (Zn) is one of the potential element having strong applicability in the multiple
functions.

1.1 ZINC, ONE POTENTIAL ELEMENT

The element Zinc (Zn*°) is one of the essential element and second most abundant transition element in
the human body. The uniqueness nature for the detection of various selective metal ions , such as Zn?>" (
including zinc, having potential benefits) etc encompass for a varieties of biological activities and
enzymatic reactions proceed in human body. Fluorescent imaging is one of the best tool for in vivo
monitoring of zinc, a vital biological element for all living things and applied to the multiple applications
such as cell death & gene expression control, brain signal transmission, pathogenic, and other
physiological activities.
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Zinc acts as one of the possible agents, to reduce the development of several malignancies to avoid its
cytotoxic/tumor suppressor properties effects on the malignant cells those allow it to the applied therapy.
This mineral is required for cell division and proliferation and is the structural component of proteins like
biological enzymes over 300, cellular signaling proteins, and so on . The metal has been reported to
influence cellular signaling, second messenger metabolism, protein kinase, and protein phosphatase
activities over thousands as well as the activation or inhibition of transcription factor DNA binding. So
the overall zinc metal is highly beneficial for the multiple factors such as Immunotherapy, Biosensing,
Material engineering ,Tissue engineering, Antibacterial , Antibiotic, Anticancer activities etc.!6!

It is to be discussed that zinc exhibits exceptionally in the rich coordination chemistry owing to its flexible
coordination numbers, diverse ligand-binding modes, and the absence of ligand field stabilization effects
associated with its d'° electronic configuration. The development of Zn(I) complexes has primarily
focused on understanding the biological functions of zinc-containing metalloproteins and exploring their
applications in catalysis, sensing, medicinal chemistry, and materials science . It is found in the active sites
of numerous metalloenzymes, including carbonic anhydrase, alcohol dehydrogenase, carboxypeptidase A,
matrix metalloproteinases, alkaline phosphatase, and zinc finger proteins, where the metal center
commonly adopts tetrahedral, square-pyramidal, or trigonal bipyramidal coordination geometries
depending on the protein environment . Unlike redox-active transition metals such as Copper and Iron,
Zn(II) remains redox-inactive under physiological conditions, making it particularly suitable for lewis acid
catalysis without generating harmful reactive oxygen species.8! Consequently, numerous bio-inspired zinc
model complexes have been designed to elucidate the structural and functional roles of zinc in biological
systems while simultaneously exploring their catalytic, antimicrobial, anticancer, luminescent, and sensing
applications. Owing to its flexible coordination environment and kinetic lability, Zn(II) readily forms
four, five, and six coordinate complexes, enabling researchers to investigate structure—activity
relationships and mimic the active sites of naturally occurring zinc enzymes.

It 1s noted that Zn(Il) has attracted considerable attention in the coordination chemistry owing to its
versatile coordination behavior, flexible coordination numbers, and ability to form structurally diverse
complexes with a wide variety of donor ligands. The coordination chemistry of Zn(II) has been extensively
explored to understand its structural features and to exploit its potential in catalysis, luminescent materials,
supramolecular assemblies, and bioinorganic chemistry . Although many transition metal ions, Zn(II)
possesses a d'? electronic configuration and therefore are not subject to crystal field stabilization or Jahn—
Teller distortion, allowing it to readily adopt tetrahedral, square-pyramidal, trigonal-bipyramidal, and
octahedral coordination geometries depending on the nature of the coordinating ligands and the
surrounding environment. (Figure 1) The remarkable stereochemical flexibility made Zn(Il) an ideal
metal center for investigating structure—property relationships and structure-activity relationships in
coordination compounds. furthermore, Zn(II) exhibits strong affinity toward nitrogen, oxygen, and sulfur-
donor ligands, enabling the formation of mononuclear, dinuclear, and polynuclear complexes with diverse
molecular architectures ranging from discrete molecules to one, two, and three and multidimensional
coordination polymers and metal-organic frameworks (MOFs).’l The structural diversity and kinetic
lability of Zn(Il) complexes have stimulated extensive research into ligand design, self-assembly, crystal
engineering, and host—guest chemistry. Consequently, numerous Zn(II) coordination compounds based on
Schiff bases, polypyridyl ligands, carboxylates, and mixed-donor ligands have been synthesized and
characterized to establish the relationship between coordination geometry, supramolecular interactions,
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and physicochemical properties, leading to applications in catalysis, fluorescence sensing, nonlinear
optics, gas adsorption, and biomimetic chemistry.[10-12]

2. MATERIALS , INSTRUMENT & COMPUTATIONAL TECHNIQUES: -

All the analytical grade chemicals, reagents such as Salicylaldehyde, 2-amino benzoic acid, 3-amino
benzoic acid, Resorcinol, NaNO, , NaOH, CH3COOH, ZnCl: , Triethyl Amine, HCI etc involved in the
synthesis were acquired & used from the Department of Chemistry, NIT Agartala. Ultra violet Visible
spectra were recorded using Shimadzu spectrophotometer under the range of 200-800 nm, the spectra
were taken in the various solvents for the comparison.

e Computational Softwares:- Gaussian 16 , ACD ChemSketch, ChemDraw Professional 15.0 , Origin
Pro etc softwares were used in the work.

The literature methods are discussed in below based on the Theme-1

Selection in
General

Green Synthetic
Route For Azo
Chemistry

Sustainable
Industrial
Growth / Role of

Nanotechno!

Theme -1 :- Figured one pathway related to the synthesis.

SCHEME

2.1 SYNTHESIS OF AZO CARBOXYLATE LIGAND:

Synthesis of Z- 2-((2,4-dihydroxyphenyl) diazenyl benzoic acid

The literature method was followed (Figure 2) to synthesize the mentioned azo ligand etc.

1) Diazotization: Ortho-amino benzoic acid (anthranilic acid) , 10 ml concentrated HCI, 20 ml water
added and the mixture was digested for 1 hour. Then it was cooled and diazotised with the aqueous NaNO>
solution.

2) Azo Coupling: - A Cold solution of 1,3-dihydroxy benzene(Resorcinol) dissolved in 10 % NaOH
solution added to the cold diazonium salt solution with vigorous stirring at 0°to 5°C. A deep red color
appeared immediately and the stirring was allowed to ~ continue for 2 hours. Then it kept overnight in
refrigerator and kept 3-4 hours in the room temperature. It was then acidified with dilute CH3COOH to
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afford the reddish-brown color precipitate. The precipitate was then filtered and, washed thoroughly with

water .The solid product was recrystallized and yield the pure ligand.

Serial | Name Molecular | Physical Color Solubility
No Weight Characteristics
1 Z-2-((2,4 258 g Solid Crystal Reddish | Soluble in DMEF,
dihydroxyphenyl) Brown Methanol, Hexane,
diazenyl benzoic acid Acetone. ( Exp.)
2 Resorcinol 110.11 g Solid Crystal Typically | Soluble in Water ,
White ether , polar organic

solvents etc.

Analytical Calculation: -

7Z-2-((2,4 dihydroxyphenyl) diazenyl benzoic acid

Chemical Formula: C13H10N204, Molecular Weight: 258.23 g; C, 60.47; H, 3.90; N, 10.85; O, 24.78;
m/z: 258.06 (100.0%), 259.07 (14.1%)

IJFMR260588514
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2.1.1 Synthesis of Z-2-((2,4-dihydroxyphenyl) diazenyl benzoic acid

COOH COOH
! NH, N,*CI
6
2 NaNO,, Conc. HCI
)
S 3 0-5°C
4
Ortho Amino Benzoic Acid
OH
10 % NaOH
0-5°C OH

COOH v

4

(£)-2-((2,4-dihydroxyphenyl)diazenyl)benzoic acid

Figure 2 :- Synthesis of Z-2-((2,4-dihydroxyphenyl) diazenyl benzoic acid

2.2 SYNTHESIS OF AZO CARBOXYLATE METAL COMPLEX

Synthesis of Bis((2-((E))-(2,4-dihydroxyphenyl) diazenyl) benzoyl) oxy) zinc

The literature method was followed (Figure 4) to synthesis of the metal complex

1. Procedure :- 0.2 gm of the ligand was taken in the 100 ml round bottom and dissolved it into 30 ml
methanol. Aqueous solution of ZnCl; (0.052 gm in 100 ml water) was added into the ligand solution with
stirring. In the meantime , alcoholic solution of 0.078 gm of Et3N

( Triethyl Amine) added to the round bottom just before. The solution was stirred under the reflux condition
upto two hours. The solution was filtered and the filtrate was kept for crystallization.
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2.Chemicals & Apparatus Required:- Ligand , ZnCl,, EtsN , Methanol, Distilled Water , Beaker (100
ml ,50 ml , 250 ml) Dropper, Magnetic Bead, Round Bottom Flask(100 ml) ,Measuring Cylinder ,
Laboratory Condenser, Magnetic Stirrer etc.

3. Table :- Physical Characteristics:-

Serial Complex Name Molecular Color Solubility

No Weight

1 Bis((2-((E))-(2,4- 578.04 g Brownish Red Soluble in DMF,
dihydroxyphenyl) CH30H, Hexane
diazenyl)benzoyl)
oxy) zinc(II)

Yield: 0.057 g ,

%Yield :- 12.72

Figure 3 represents the compound which is taken by experimentally.

UV Vis in CHCI3 (A max 401 nm) ; in DMF ( A max 399 nm) ; in DMF + CH30OH (A max 401 nm) ; UV
Vis in CHCI; + DMF (A max 390 nm) ( Crude Product) [Taken from the Round Bottom Flask(RB) ]
C26H18N408Zn ; C, 53.86; H, 3.13; N, 9.66; O0,22.07; Zn, 11.28 m/z: 578.04 (100.0%), 580.04 (57.4%),
582.04 (38.6%), 579.04 (28.1%), 581.04 (16.1%), 583.04 (10.8%), 581.04 (8.4%), 580.05 (2.7%), 582.04
(2.4%), 580.05 (1.6%), 582.05 (1.6%), 579.04 (1.5%), 584.04 (1.3%), 580.05 (1.1%), 584.04 (1.0%)

2.2.1 Synthesis Preview , Crude Product in Round Bottom Flask and Compound
Filtration/Purification

IJFMR260588514 Volume 8, Issue 5, September-October 2026 8
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Figure 3:- Synthesis Preview , Crude Product in Round Bottom Flask and Compound Filtration/
Purification
2.2.2 Synthesis of Bis((2-((E))-(2,4-dihydroxyphenyl) diazenyl) benzoyl) oxy) zinc(II)

COOH
6 5
! N=—N
6 OH + ZnCl,
5 3 3
HO
(Z)-2-((2,4-dihydroxyphenyl)diazenyl)benzoic acid
E t;N
Reflux CH3OH
Stirring
OH \J
HO fYQ
N§N O/Zn/o N§N
7 ’
e}

OH

Bis((2-((E))-(2,4-dihydroxyphenyl)diazenyl) benzoyl) oxy) Zinc(II)

Figure 4 :- Synthesis of Bis((2-((E))-(2,4-dihydroxyphenyl) diazenyl) benzoyl) oxy) Zinc(II)
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2.2.3 The Ultra Violet Visible Peaks are shown in this figure.

Absorbance 1 (AU)

4.0
3.5
3.0
2.5
2,0;
1.5 4
1AO—-
0.5

0.0

——— Absorbance 1
—— Absorbance 2
—— Absorbance 3

Absorbance 4

T
200

T
300

T
400

T
500

T T
600 700

Wavelength (nm)

T
800

Figure 5 :— Ultra-Violet Visible Spectroscopic peaks are shown

Characterisation Table: -1

Serial Sample Wavelength Absorbance Transition
No
Al A2 A3
(A max) Aal A a2 a3

1 Metal 265.5 | 401 517 | 0372 | 1.106 | 0.177 Charge

Complex in nm nm nm Transfer(C-
DMF + T) Transition
CH;0H

2 Metal 271nm | 399 nm | 514.5 | 0.106 | 0.498 | 0.0666 | Charge
Complex in nm Transfer (C-
DMF T) Transition

3 Crude 236 390 - 1.264 | 2.756 | - Charge-
Product nm nm Transfer (C-
(RB) in T) Transition.
CH:OH +
DMF

4 Metal 243 nm | 401 516 3.757 | 1.063 | 0.148 Charge
Complex in nm nm Transfer(C-
CH3;0H T) Transition

IJFMR260588514 Volume 8, Issue 5, September-October 2026 10
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2.2.4 UV -Vis Spectroscopic Study:-

The complex Bis((2-((E))-(2,4-dihydroxyphenyl)diazenyl)benzoyl)oxy)zinc(Il) was synthesized and then
characterised by the Ultra-Violet Visible Spectroscopy. The complex shows (Figure 5) the maximum
absorption at 401 nm and a shoulder peak at 517 nm in dissolving with DMF and Methanol. Interestingly
the complex shows absorption band at 401 nm (max) and one highly intense sharp peak at 243 nm in the
near UV region , dissolving in methanol. The metal complex show absorption peaks at 399 nm when
dissolving only in polar solvent DMF, and one shoulder peak at 514.5 nm etc. In the same consequence
the UV Vis peaks are taken by considering the crude product from the Round Bottom flask dissolved with
highly polar solvent DMF and Methanol, then it show absorption peak at 390 nm (max) and one peak
observed at 236 nm in the lower absorbance unit.

This type of transition metal complex( refer Figure 6) shows the charge transfer(LMCT) transition. As
we know the Zn(II) is more stable , exist no empty shells in the d orbitals for electrons, rather azo
carboxylate group when binded with the zinc metal , the absorption peaks have been observed mostly in
the UV region and some peaks in the near UV region ,although it shows the behaviour ligand to metal
charge transfer transition type. However , Zn is completely filled with d orbitals , so it cannot undergo d-
d transitions in general.

The metal complex shows some increases in the absorption band from 399 nm to 401 nm when the solvent
polarity changes from polar to highly polar . Thus the complex mostly show the red shifted absorption
spectral features.

OH

5 2

OH

HO

Figure 6 :- structure of Bis((2-((E))-(2,4 dihydroxyphenyl)diazenyl)benzoyl)oxy)zinc(Il) is
represented above

IJFMR260588514 Volume 8, Issue 5, September-October 2026 11
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Figure 7 :- Bis((2-((E))-(2,4 dihydroxyphenyl)diazenyl)benzoyl)oxy)zinc(Il) . The three
dimensional coordinative environment in atomic level have been described.

This zinc azo carboxylate complex is highly specialized coordination compound by chemically
architecture in highly significant applications such as materials science, medicinal and therapeutic
applications. This geometrical symmetry around the zinc ion stable the coordinate complex. The vividness
of the molecular coordination by structure-activity relationship will make enable it stable and enhance the
inherent structural changes. The complex compound coordinated in such a way that (Figure 7) it locks the
molecular structure and provide support for figuring various molecular transformation and finding
applicability in the multiple application fields. The distinctive absorption spectra and frameworks are
useful for significantly enhancing the inherent coordination behaviour between the metal complex and
ligand behaviour by adopting stable and capable structure for further studies.

IJFMR260588514 Volume 8, Issue 5, September-October 2026 12
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2.2.5 Geometrically Optimized Structure of Bis((2-((E))-(2,4-dihydroxyphenyl) diazenyl) benzoyl)
oxy) zinc (II)

Figure 8 :- Geometrically Optimized Structure of Bis((2-((E))-(2,4-dihydroxyphenyl) diazenyl)
benzoyl) oxy)zinc(II)
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Table 2 - Gaussian Optimization :-

Serial Bond Bond Bond Bond Bond Dihedral Angle
No Length | Type Angle(in | Type (in degree °)
(in A) degree °)
1 N=N 1.09250 | C3-N36- | 89.9945 Ol6- 0.00000
(N36=N37) N37 C15-
O17-
Znl8
2 N=N(N38=N39) | 1.09650 | C28- 90.0001 027- 180.0000
N38=N39 C26-
019-
Znl8
3 Znl18-019 1.05440 | C33- 127.57080 | C5-C6- 180.0000
N38=N39 O7-H43
4 Znl18-017 1.05580 | Cl2- 127.57000 | C1-Cé6- 0.000000
N37=N36 O7-H43
5 C3-N36 1.09610 | C2-08- 115.2201 | C2-C3- 180.0000
H44 N36=N37
6 C21-N38 1.07030 | C30- 114.46380 | C4-C3- 0.000000
035-H57 N36=N37
7 C12-N37 1.24060 | C32- 109.47122 | C29-C30- | 180.0000
034-H56 035-H57
8 C33-N39 1.11230 | C6-O7- 109.47122 | C31-C30- | 0.000000
H43 035-H57
9 O7-H43 0.96000 | O17- 119.99520 | C32-C33- | 180.0000
C15-016 N39=N38
10 08-H44 0.96600 | CI1-C15-|105.00478 | C28-C33-| 0.000000
Ol6 N39=N38
11 034-H56 0.96000 | CI1-C15- | 135.00000 | C20-C21-| 180.0000
o17 N38=N39
12 035-H57 0.96000 | C20-C26- | 107.55601 | C22-C21- | 0.000000
o19 N38=N39
13 C15=016 0.82503 | O19- 72.4263 C11-C12- | 180.0000
C26-027 N37=N36
14 C26=027 0.82503 | C2-C3- 82.05574 | C13-C12- | 0.000000
N36 N37=N36
15 C2-08 0.82503 | C4-C3- 144.9523 | C12-C11- | 180.0000
N36 C15-016
16 C6-07 0.82503 | C32-C33- | 82.57134 | C12-C11- | 0.000000
N39 C15-017
IJFMR260588514 Volume 8, Issue 5, September-October 2026 14
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17 C32-034 0.82503 | C28-C33- | 157.0235 | C25-C20- | 180.0000
N39 C26-019
18 C30-035 0.82500 | O17- 180.0000 | C21-C20- | 0.000000
Znl8- C26-019
019

2.2.5.1 Computational Calculation :-

Energy is calculated through the method of B3LYP using basis set 3-21G by the Gaussian software (Gauss
View 16). The Hartree method provided the electronic energy -3540.377396 which is -9295261.561273
kj/mol . The Dipole moment is found to be 7.038017 D ( Debye Unit). The molecular mass is found to be
578.041706 amu . The calculation finds that the point group may be CS.

Further Computationally , Infrared Spectra may be obtained by the method of DFT /B3LYP using the
basis set 6-31G, 6-311° G etc and their corresponding functions for optimization and for obtaining
frequency and other functional data by this software.

3. RESULTS AND DISCUSSIONS : -

The azo-carboxylate ligand, and its transition metal (II) complex was prepared and characterized as
explained in the experimental section. All the derivatives are stable at room temperature and retained in
good storage grade. The ligand is soluble in common organic solvents such as EtOH, MeOH, Hexane,
CHCI3 while its transition metal(II) complex is partially soluble in common organic solvents and as well

as soluble in DMF, MeOH. The analytical and physical features of the complexes are declared in the
experimental section. Azo carboxylate ligand was prepared by the diazo coupling reaction of ortho amino
benzoic acid and resorcinol. Zinc Complex was prepared by the ligand in alcoholic(methanolic solution)
medium followed by addition of triethyl amine as a base.

The UV-Vis study of the complex was carried out in methanol and DMF. The complex is proposed to
contain geometrical entities where coordination occurs carboxylate oxygen atom of two ligand unit. Short
computational techniques was used to finding electronic energy and dipole moment etc.

4. REVIEW PERSPECTIVE

Nano-azo complexes synthesized by Mohamed et al. exhibited superhydrophobic behavior, evidenced by
high contact angle measurements. These materials are promising for applications in self-cleaning surfaces,
anti-corrosion coatings, and protective materials. The study highlights how coordination chemistry can be
expressed and utilized and exploited in the research fundamental to tune surface properties at the
nanoscale. !l Nandi et al. (2024) synthesized Copper (II) complexes using 1,3-dimethyl-(5-(8'-
quinolinylazo)-6-aminouracil as a chelating azo ligand. The ligand contains multiple active donor sites,

including azo nitrogen and heterocyclic nitrogen atoms, enabling strong coordination with Cu(Il). Single-
crystal and spectroscopic studies revealed distinct coordination geometries and electronic environments
around the copper center. The study emphasized how subtle changes in ligand structure influence magnetic
and biological properties, reinforcing the relevance of azo ligands in bioinorganic chemistry.[?! In spite of
the coordinated structural feature are more prolong to the Sheikhi et al. (2018) which extensively used
DFT to correlate electronic parameters with spectroscopic features, reinforcing the predictive power of
computational chemistry in ligand design. Such studies provide a theoretical foundation for rational
development of new azo-based metal complexes.?!
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In front of the review perspective it should be discussed that the work regarding Organotin (IV)
carboxylates by M. Roy et al , are a long-studied compounds because they are showing broad range of
the structural diversity such as monomers, dimers, tetramers, polymeric, macrocycles, cages, etc and
multiple coordination modes of carboxylates monodentate, chelating bidentate, bridging. They have
attracted attention also for biological activities such as antitumor, antibacterial, antifungal, larvicidal, anti-
tuberculosis etc.*l We are discussing about the monodentate coordination chemistry where the azo ligand
binds to the metal center through a single donor atom, typically one azo nitrogen or a heterocyclic nitrogen
atom. This mode is more common in sterically hindered ligands or when weak coordination is favoured.
It is to be discussed when simple azo dyes coordinating weakly to metal ions in solution, where only one
nitrogen atom participates in coordination, as reported in early transition-metal azo complexes discussed
by Eltaboni et al. (2022) [5] . These studies collectively provide a strong foundation for further research
in azo metal complexes

5. FINAL CONCLUSION

The literature review and the experimental work demonstrate the synthesis method of azo compound and
their metal complex those remarkedly represent a versatile and rapid evolving field for the research work.
Through the ligand-metal coordination, the metal azo complexes synthesis have been completed and
characterised by experimental & instrumental technique such as Ultra-Violet Visible spectroscopy etc .
In the review, we come to know that the nanostructuring azo-based systems have been successfully
applied in biological, environmental, surface, and energy-related applications. The integration of
experimental and theoretical approaches have strengthened structure—property correlations, paving the
way for rational material design. and justified continued exploration of their multifunctional potential in
advanced scientific and technological applications. The future sustainability of azo compounds are
strongly influenced by the selective green-azo chemistry derivative and its applications.
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