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1. Introduction 

 
In 1834, Prof. Eilhardt Mitscherlich first reported 

azobenzene [1]. Subsequently, azo compounds are the 
major groups of industrially synthesized organic dyes. 
They are used in various fields of science, such as 
textile dyestuffs, ink-jet printers, LCDs, optical 
communication systems, nonlinear optics (NLO), and 
solar energy conversion [2–7]. Transition metal 
complexes of azo ligands have piqued the interest of 
researchers due to their intriguing properties relating to 
coordination mode versatility, catalytic activity, C-H 
bond activation, [8-12] photophysical and 
photochemical properties, [13-15] liquid crystals, [16-
17] electron transfer, and biological properties [18-24] 
Azo-Schiff base compounds incorporating azo (-N =N-) 
and azomethine (-C=N-) units can be coordinated to the 
metal in different ways, depending on their structures 
and the nature of the metals. In a few cases, the azo 

group participates in metal coordination; on the other 
side, the azo group acts as a spectator unit [25-27]. 
There are a few interesting conjugated azo-imine 
ligands where imine (>C=N) groups come from the N-
heterocyclic backbone [28-29]. Moreover, the metal 
complexes of the azo-imine (-N=N-C=N-) function have 
significant properties, e.g., isomerization, metal-assisted 
organic transformation, and catalytic and biological 
activity [30]. In the last two decades, a group of 
researchers has widely explored the synthetic method of 
different azo-imine ligands, and their coordination 
modes with various transition metals for their a few 
interesting properties, as delineated before [30]. 

Whatever, the nickel acts as a borderline of Lewis acid 
and binds to both soft and hard atoms of ligands easily to give 
ample coordination complexes with diverse geometry. Nickel 
complexes have applicability in various physical, chemical, 
and biological phenomena. Nickel has enormous importance 
in organometallic and catalytic chemistry. As a result of its 
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intriguing features and activities, nickel complexes with 
multidentate azo-imine ligands as the donor have garnered 
considerable interest in chemical synthesis [31-34] Recently, 
many bioactive Ni(II) complexes with heterocyclic azo dye 
ligands were reported for their potential biochemical 
properties. The complexes showed excellent antimalarial, 
antimicrobial, anticancer, and anti-inflammatory properties 
[35-39]. Azo-azomethine compounds and their nickel 
complexes have been tested in several fields, such as 
pharmacological, [40-41] thermal, [42] catalytic, [27, 43-44] 

molecular docking, biological activity, [45-46] photo-
switching behavior, [47-48] C-N bond formation [49]. 

From this background, I have tried a comprehensive 
literature review of previously reported research highlighting 
nickel complexes' emergent properties and coordination 
chemistry incorporating azo-azomethine ligands. 

 
2. Results and discussion 

The ligand incorporating azo (-N=N-) and 
azomethine (-C=N-) groups is a distinct class of organic 
ligands with multiple denticities. So, their 
distinctiveness has developed in coordination chemistry 
as a preferred scaffold. Several researchers have 
designed and synthesized new nickel chelate complexes 

with azo-imine ligands and explored their discrete 
properties. A brief description of the synthetic method, 
characterization procedure, and a few interesting 
properties of nickel complexes incorporating bi, tri, and 
tetradentate azo-azomethine ligands have been provided 
afterward. The characteristics of the delineated ligands 
and complexes are given in Table 1. 

 
2.1. Nickel complexes with bidentate azo-azomethine 

ligands 

Earlier in 2005, C. Sinha et al. synthesized a 
mononuclear bis-chelated Ni(II) complexes (2) by 
reaction of NiSO4.6H2O and NH4HCN with 1-alkyl-2-
(arylazo)imidazoles azo-imine ligand (1), after X-ray 
quality crystals of the complex were isolated in DMF 
solvent.   Various microanalytical tools were used for 
the characterization of the complex, including thermal 
and magnetic studies. The X-ray crystallographic data 
showed that the ligand (I) binds to the Ni(II) ion in 
bidentate mode with the azo-N and imidazole-N atoms, 
yielding a distorted octahedral complex, as shown in 
Scheme 1 [33]. 

 

 
 

 
Scheme 1. The synthetic route for mono-nuclear bis-chelate Ni(II) complex (2) with imidazole-based azo ligand (1) 

 
 

In a separate study, distorted octahedral Ni(II) 
complexes (4) were synthesized in methanol by reacting 
Ni(ClO4)2.6H2O with 1-alkyl-2-(naphthyl-∝/
�) −azo)imidazole (3) and solid ammonium thiocyanate 
(NH4SCN) or sodium azide (NaN3). The complexes (4) 
were characterized by elemental analysis, spectral data, 
magnetic studies, and molar conductance measurement. 
The X-ray structure confirmed the molecular structure 

of the Ni(II) chelate complexes (4). In the bis-chelate 
complexes, the Ni(II) ion is surrounded by the ligands 
(3) through the imidazole N, azo-N, and the N-atoms of 
two pseudohalide ions (see Scheme 2). The two 
pseudohalide ligands coordinated in a cis fashion with 
Ni(II) ion due to greater repulsion of the pendant 
naphthyl group stereochemical arrangements is cis-
trans-cis. The complexes are non-electrolyte in nature 
[50]. 
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Scheme 2.  The synthetic route for azo-imine Ni(II) complexes (4) of  bidentate 1-alkyl-2-(naphthyl-∝/�-azo)imidazole (3) 

Another stable complex (6) of Ni(II) was synthesized 
in an ethanolic solution with an optimal pH by the 
reaction of nickel chloride salt with a novel heterocyclic 
Schiff base azo ligand (5). The structure elucidation of 
this heteroleptic complex (6) was performed by 

elemental analysis, including magnetic moment, molar 
conductivity, IR, and AAS. In complex (6), the azo-N 
and azo-methine-N atoms of the ligand (5) are mutually 
coordinated to metal cores, resulting in an octahedral 
complex (see Scheme 3) [51]. 
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Scheme 3. The synthetic route for octahedral Ni(II) complex (6) with new heterocyclic azo-imine ligand (5) 
 

S. M. Mahdi et al. reported a square planar Ni(II) 
complex (8) of a newly synthesized azo-Schiff base 
ligand (7). The ligand and the complex were identified 
with elemental analysis and various spectral techniques 

such as UV, FT-IR, 1H NMR, etc. The analytical data 
suggested that the bidentate ligand (7) binds to the metal 
centre with an azo-N and phenolic-O atom adjacent to 
the azo group to form a mononuclear complex (8), as 
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shown in Scheme 4. It was also corroborated that the 
non-coordination of the imine (-C=N-) group during 

chelation and the complex is neutral due to the direct 
coordination of chloride ion with Ni(II) ion [52]. 

 

 
Scheme 4. The synthetic route for mononuclear Ni(II) complex (8) with (N, O) bidentate azo-azomethine ligand (7) 

 
In another report in a methanol-ethanol solvent, 

Ni(OAC)2.4H2O was mixed with new Schiff base ligands (9 

& 10) to obtain a monomer and an oligomer nickel complex 
(11 & 12) (see Scheme 5). The ligands and their complexes 
were characterized by CHN analysis, spectral studies, 1H & 

13C NMR, mass spectra, etc. The magnetic measurement of 
the complexes indicated that the first complex (11) is 
diamagnetic and has a square planar structure, but the second 
one (12) is paramagnetic and consistent with tetrahedral 
geometry [53]. 

 
Scheme 5. The synthetic route for diamagnetic & paramagnetic Ni(II) complexes (11 & 12) with azo-Schiff base ligands (9 & 10) 
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In a novel report, a Schiff-base ligand (13) with an azo 
chromophore group was synthesized by condensation. 
The azo-azomethine ligand (13) was then treated with 
NiCl2. 6H2O in methanol solvent with constant stirring 
results in an orange-coloured Ni(II) complex (14) (see 
Scheme 6). The spatial arrangement of the mononuclear 

square-planar nickel complex (14) was determined by 
elemental analysis, 1H-NMR, UV–Vis, IR spectroscopy, 
and X-ray powder diffraction. In the complex, the metal 
is coordinated with the azomethine-N and deprotonated 
phenolic-O atoms of the azo-azomethine ligand [54]. 

 
Scheme 6. The synthetic route for genotoxic azo-azomethine square planar Ni(II) complex (14) with azo-Schiff base ligand (13) 

 

Later on, a diamagnetic Ni(II) complex (16) was 
synthesized with a high yield by reacting an azo-imine 
ligand (15) with Ni(OAc)2.4H2O salt in ethanol. The 
structure elucidation of compounds was done using 
elemental analysis and different spectral techniques. The 

azomethine-N and phenolate-O atoms of the ligands 
coordinate with the Ni(II) ion and form a bis-chelate 
complex (16). The azo group is pendant after chelation 
(see Scheme 7). Measured magnetic moment value of 
complex exhibited square planar geometry [55]. 

 
Scheme 7. The synthetic route for bio-active square planar Ni(II) complex (16) with azabicyclo octane based ligand (15) 
 

In another report, Z. Rezvani et al. 2005, synthesized a 
series of azo-Schiff base ligands (17) homologous and 
their Ni(II) complexes (18) in an ethanol-chloroform 
solution. The ligands (17) and complexes (18) were 
characterized by elemental analyses and various spectral 

data. The X-ray crystal structure authenticated the (N, 
O) bidentate coordination mode of the ligands (see 
Scheme 8). The geometry of the bis-chelate complexes 
is nearly square-planar [56]. 
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Scheme 8. The synthetic route for glass forming square planar Ni(II) complex (18) with azo-Schiff base ligands (17) 

 
Recently, M.C. Prabhakara and his group synthesized 

pyrazole-based azo ligand (19) and the corresponding Ni(II) 
complex (20) by the addition of metal and ligand (1:2) in hot 
ethanol with a few drops of Et3N base. The structure of the 
synthesized ligand and complex was systematically 
characterized by various analytical and spectroscopic 

techniques. The physical measurement and analytical data of 
the ligand and its metal complex showed that the azo-N and 
pyrazole-O atoms of the ligand coordinated with metal ions to 
form a bis-chelate diamagnetic Ni(II) complex with square 
planar geometry (see Scheme 9) [57]. 

 

 
Scheme 9. The synthetic route for diamagnetic square planar Ni(II) complex (20) with pyrazole-based azo ligand (19) 
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In a notable study, a novel Ni (II) complex (22) of the azo 
dye ligand (21) derived from sulfamethoxazole was 
synthesized and characterized by different analytical and 
spectroscopic techniques. The analytical data of the complex 
revealed that the nickel metal reacts with the ligand to form a 
bis-chelate complex. Spectral analysis and magnetic 
susceptibility measurements suggested the square planar 

geometry for the Ni (II) complex (21). Based on this 
physicochemical evidence, the following structure was 
proposed for the metal complex, as shown in Scheme 10. The 
magnetic moment value indicated that the complex was 
diamagnetic, which satisfied the square planar geometry 
around the Ni(II) ion  [58]. 

 

 
Scheme 10. The synthetic route for diamagnetic square planar Ni(II) complex (22) with azo dye ligand (21) containing 

sulfamethoxazole moiety 
 
In another case, Saeid Amani et al. synthesized two 

new azo Schiff base ligands (23) and (24) and the 
corresponding Ni(II) complexes (25 & 26) as a solid 
powder. Elemental analyses and spectroscopic 
elucidation indicate that the metal centre is coordinated 
with phenolate-O and nearer azomethine-N atom to 
form a mononuclear complex (25 and (26), as shown in 
Scheme 11. The magnetic moment measurements of two 
Ni(II) complexes show the square-planar geometry of 
complexes [59]. 

Recently, Saeid Amani and his coworkers reported 
another Ni(II) complex (28) integrating a bi-dentate azo-
azomethine ligand (27). According to various analytical 
and spectral data, it was revealed that the chelation of 
the ligand to the Ni(II) ion occurs through deprotonated 

b  phenolic-O and azomethine-N atoms of the ligand 
and proposed a mononuclear square planar complex (see 
Scheme 12) [60]. 

In another novel synthesis, Ni(II) complex (30) was 
prepared by stirring hexahydrate nickel chloride with 
azo-Schiff base ligand (29) in ethanol. The square 
planar geometry of the Ni(II) complex was suggested 
through elemental analysis, FT-IR, and UV-Vis spectra. 
The spectral data have shown that the bidentate mode of 
ligand involves the azomethine-N and phenolic-O atoms 
[61]. The azo group appeared free in the binuclear 
nickel complex, as shown in the Scheme 13.  
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Scheme 11. The synthetic route for two mononuclear bio-active Ni(II) complexes (25 & 26) with azo-Schiff base ligand (23 & 24) 

 

Scheme 12. The synthetic route for bis-chelate square planar Ni(II) complex (28) with (NO) bidentate azo-
azomethine ligand (27) 
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Scheme 13. The synthetic route for bis-chelate square planar Ni(II) complex (30) with azo-azomethine ligand (29) 

 
Further, A. S. Burlov and his coworkers have 

synthesized nickel complexes (32) by refluxing 
Ni(OAc)2.4H2O with newly synthesized azomethine 
ligands (31) containing azobenzene groups in the ortho 
positions of the amine fragment. In the Ni(II) 
complexes, the central Ni-atom is coordinated with the 
ligand through the azomethine-N, and the azo-N atom 

produces bis-chelate Ni(II) complexes, as shown 
in Scheme 14. The azo (-N=N-) group appeared free in 
the complexes. FT-IR, 1H NMR, Magnetochemistry, 
and X-ray absorption spectroscopy provided the 
information needed to deduce the square planar 
structures of the diamagnetic Ni(II) complexes [62]. 

 
Scheme 14. The synthetic route for diamagnetic and paramagnetic Ni(II) complexes (31) with two different azo-Schiff base 

ligands (32) 
In 2019, S. D. Power et al. reported a synthetic route 

for the preparation of azo oxime-based Schiff base 
ligand (33), as well as its Ni(II) complex (34). The 
compounds were successfully characterized by UV-vis, 
FT-IR, 1H NMR, PXRD, elemental analysis, and ESR 
spectroscopy. The spectral study revealed that the non-
coordination of azo-N and the Ni(II) ion in the complex 
is surrounded by the ligands through the two phenolate-
O and two imine-N atoms, resulting in a bis-chelate 
square planar complex (see Scheme 15). The molar 

conductance value suggested the nonelectrolyte nature 
of the complex [63].  

In another study, a novel azo ligand (35) with an 
imine group in the heterocyclic ring was synthesized by 
diazotization, and its non-electrolyte metal complex (36) 
with NiCl2.6H2O in an ethanolic medium was also 
prepared and characterized by conventional analytical 
techniques and spectral methods. Spectral analysis and 
magnetic susceptibility data show that the Ni(II) ion is 
in a square planar environment (see Scheme 16) [45]. 
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Scheme 15. The synthetic route for Ni(II) complex (33) with azo oxime-based Schiff base ligands (34) 

 

 
Scheme 16. The synthetic route for azo-imine Ni(II) complex (36) with thiazole-based azo-imine ligand (35) 

 
In a report by E. S. Madhi et al., a solid divalent nickel 

complex (38) was prepared by the reaction between a suitable 
amount of hydrated metal chlorides and an N-based azo-
Schiff base ligand (37), operated at ambient temperature for 
several hours. The structural picture of the octahedral 
complexes was generated with the help of UV-Vis, FTIR, 

ESI-MS, and magnetic moment measurement, which provided 
the suggested geometries. The spectral data confirmed the 
donation by the azo-methine section and phenolic ring in (N, 
O) bidentate fashion, leaving the azo group free from 
coordination [64], as shown in Scheme 17. 
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Scheme 17. The synthetic route for azo-imine Ni(II) complex (38) with novel Azo-Schiff base thiazole-based ligand (37) 

 

 
N. Rabi et al. synthesized potentially bioactive Ni(II) 

chelates (40) with newly designed azo-imine ligands 
(39). Various physical and spectroscopic methods were 
used to elucidate the structure of ligands and complexes. 
The azo-N and phenolate-O atoms of the pyridine 
moiety of the bidentate ligand bind to metal ions, and 
two water molecules coordinate to the Ni(II) centre, 
indicating the complexes' octahedral geometry (see 
Scheme 18). All the complexes (40) are non-electrolytes 
and have good thermal properties [65].  

In an investigation by K. J. Al-Adilee et al. clearly 
reported the synthetic method of a new mono-azo dye 
ligand (41) containing thiazole and pyridine, two 

heterocyclic rings, and its Ni(II) chelate complex (42). 
All the compounds were checked by microanalysis and 
different spectral techniques. The electronic spectral 
studies showed that the ligand behaves as a bidentate 
chelator and is coordinated through its N-atom of the 
azo group, farthest from the thiazole ring, and the N-
atom of the thiazole molecule with the Ni(II) ion (see 
Scheme 19). The high magnetic moment value of the 
Ni(II) complex suggested a regular octahedral geometry 
and sp3d2 hybridization. The complex is non-ionic due 
to the presence of two chloride (Cl-) ions in the 
coordination sphere, as authenticated by the high molar 
conductance value of the complex [66]. 

O
H
2

 
Scheme 18. The synthetic route for bioactive octahedral Ni(II) complex (40) with a novel azo-imine ligand (39) 
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Scheme 19. The synthetic route for bis-chelate Ni(II) complex (42) with thiazole and pyridine based mono azo dye ligand (41) 
 
In current research, a non-electrolyte octahedral Ni(II) 

complex (44) integrating a novel bi-dentate heterocyclic azo 
ligand (43) based on a naphthalene ring was synthesized and 
described by elemental analysis and conventional electronic 
spectral studies. The analytical data revealed that the ligand  

 

coordinated with the Ni(II) ion through azo-N, the 
deprotonated phenolic-O atom of the naphthalene ring, and 
two water molecules coordinated with the metal centre as 
shown in Scheme 20. [67] 

 

 
Scheme 20. The synthetic route for octahedral Ni(II) complex (44) of naphthalene-based (NO) bidentate azo ligand (43) 

 
A series of nickel complexes (46-48), as shown in 

Scheme 21, embedded in notable azo-imine ligands 
were synthesized by the reaction of 2-(arylazo)-pyridine 
(45) ligands with three nickel metal precursors in 
methanol and dichloromethane and characterized 
unequivocally with various spectroscopic techniques, X-
ray crystallography, and DFT by S. Goswami et al [68]. 

Interestingly, nickel complexes exhibited three 
different types of coordination features. 
Crystallographic data showed that complex (46) adopts 
nearly octahedral coordination around the nickel centre, 
which is surrounded by three bi-dentate azo-imine 

ligands. The complex behaves as a (1:2) electrolyte in 
CH3CN solvent. Likewise, in complex (47), which 
adopted octahedral geometry, only two chloride ligands 
satisfied the hexa-coordination of nickel instead of a 
third azo-imine ligand. Contrariwise, the geometry of 
complex (48) is distorted tetrahedral. Later, two 
complexes are non-electrolyte in nature. Magnetic 
susceptibility measurements indicated that complexes 
46 and 47 are paramagnetic, but the complex (48) is 
diamagnetic. Furthermore, the electrochemical study 
revealed that ligands in all complexes are highly redox 
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active, while the metal ion behaves as a redox-innocent centre. 

 
Scheme 21. The synthetic route for ligand-centreed redox-active Ni(II) complexes (46-48) with conjugated azo-imine ligand (45) 

 

Recently, K. J. Al-Adilee groups have synthesized 
the Ni(II) complex (50) with a new heterocyclic azo-
imine ligand (49) obtained by refluxing ligand and 
nickel chloride salt in hot ethanol and ammonium 
acetate buffer solution. All the compounds were 
characterized by spectroscopic and analytical methods. 
In the spectral studies and X-ray data, the magnetic 

susceptibility value proposed the high-spin 
paramagnetic octahedral geometry [69]. The Ni(II) ion 
coordinated through the ligand azo-N and imine-N 
atoms of the imidazole ring affords a bis-chelate 
complex, as shown in Scheme 22. 
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Scheme 22. The synthetic route for bis-chelate Ni(II) complex (50) of (NN) bi-dentate heterocyclic azo-imine ligand (49) 

 
Likewise complex (18), another bis-chelate Ni(II) 

complexes (52) incorporating a homologous series of 
azo-azomethine ligands (51) were synthesized and 

characterized undoubtedly. Single crystal X-ray 
structure authenticated the slightly distorted tetrahedral 
structure of the Ni(II) complex (see Scheme 23) [70]. 
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Scheme 23. The synthetic route for bis-chelate Ni(II) complex (52) of homologous series of azo-azomethine ligand (51) 
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In a report by S. H. Abid et al., a Ni(II) complex (54) was 
prepared by the combination of hydrated nickel halide with an 
azo-Schiff base ligand (53). The spatial arrangement of ligand 
around Ni(II) ions was pictured by 1HNMR, UV-Vis, FT-IR, 
and mass spectra data and suggested the coordination mode of 
the ligand with metal, as shown in Scheme 24. [71]  

Recently, another azo-Schiff base ligand (55) and its 
octahedral Ni(II) complex (56) were synthesized by the 
addition of nickel salt with the ligand (1:2) in ethanol. The 

spatial arrangement of the complex was determined by the 
elemental and spectral techniques, which suggested the (N, O) 
bidentate coordination mode of the azo ligand. The non-
coordination of the azomethine-N atom is also evident (see 
Scheme 25) [72]. 

 
 

 
Scheme 24. The synthetic route for anti-tumour Ni(II) complex (54) with azo-Schiff base ligand (53) 

 

 
Scheme 25. The synthetic route for octahedral Ni(II) complex (56) with azo-Schiff base ligand (55) 
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In one of the novel syntheses, T. Akitsu et al. have 
reported an organic/inorganic hybrid material containing a 
chiral Schiff base complex (58) of bivalent nickel. The 
complex (58) was prepared by the reaction of nickel (II) 
acetate tetrahydrate with the ligand (57) in methanol. The 
elemental analysis and spectral techniques, such as FT-IR and 

UV-Vis, unveiled the square planar structure of this Ni(II) 
complex. The two trans-azo groups reside in a pendant with 
each other (see Scheme 26) [73]. 

 

 
Scheme 26. The synthetic route for Ni(II) complex (58) with chiral azo-Schiff base ligand (57) 
 

2.2. Nickel complexes with tri-dentate azo-

azomethine ligands 

 
Earlier in 2000, S. Goswami et al. synthesized the 

Nickel(II) complex (60) by the refluxing a notable 
azo-imine ligand, 2-[(Arylamido)phenylazo]pyridine 
(59), with NiCl2.6H2O (a ratio of 2:1) in methanol 
with a few drops of triethylamine. The structure of the 
green-colored complex was confirmed with the help 
of combustion analysis, UV–Vis, and IR spectra, and 
its structure was confirmed by X-ray crystallography 
data. The deprotonated tridentate ligands bind to 
Ni(II) in a tridentate (N, N, N) fashion, resulting in an 
octahedral bis-chelate of the azo-imine complex. (see 
Scheme 27). The effective magnetic moment value 
indicated the paramagnetic nature of complexes due to 
the presence of two unpaired electrons [67].  

Further, this group has designed and synthesized 
an N-donor tridentate azo-imine bridging ligand (61). 
Next, the reaction of hydrated NiCl2.6H2O salt with 
the ligand (61) in methanol in the presence of Et3N 
produced an intense blue crystal of a complex (62) 
with an excellent yield. The synthesized compounds 
were characterized by elemental analysis and various 
spectral techniques. The single-crystal X-ray structure 
resolved the structure of the dinickel (II) complex 
(62). Each Ni(II) ion in the bridging complex is 
surrounded by an N5Cl environment with highly 
distorted octahedral geometry (see Scheme 28). The 
dinickel complex (62) is paramagnetic and 
ferromagnetically coupled with two nickel centres, 
making this complex intriguing [49]. 
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Scheme 27. The synthetic route for paramagnetic octahedral Ni(II) complex (60) with (phenylazo)pyridine based azo-imine 

ligand (59) 
 

 

Scheme 28. The synthetic route for bimetallic octahedral Ni(II) complex (62) with diamine azo ligand (61) 
 
 
In 2004, P. P. Hankare's group reported the 

synthesis of a unique homo-bimetallic Ni(II) complex 
(64) that was achieved by the reaction of a hot 
ethanolic solution of hydrated nickel chloride salt with 
heterocyclic azo-azomethine ligand (63) in a reaction 
mixture heated for a few hours. The structure 
elucidation was done by AAS, IR, magnetic 
susceptibility, UV-Vis, XRD, elemental, and 
gravimetric analysis. The two ligand (63) units 
coordinated with two metal centres, each utilizing its 
own three donor sites, in which one azo-N, one 
azomethine-N atom, and one phenolic oxygen in the 
vicinity of the azo-methine moiety permitted the 
chelation in complex (see Scheme-29). The electronic 

spectra and magnetic moment values indicated the 
square planar structure of the complex [75].  

Later, S. Goswami et al. synthesized a new Ni(II) 
complex (66) by the reaction of a newly designed azo 
pincer type 2,6-bis(phenylazo)pyridine ligand (65) 
with [Ni(H2O)6] Cl2 in THF solution. The complex 
(66) was isolated as a green solid and characterized by 
elemental and spectral data. X-ray crystallography 
data identify the distorted octahedral of the Ni(II) 
complex (66) (see Scheme 30), in which the 
coordination sphere Ni(II) centre is surrounded by a 
NNN tridentate ligand (65), two chlorides (Cl-), and a 
water molecule (H2O). Magnetic moment 
measurement revealed the paramagnetic nature of the 
Ni(II) complex [76, 77]. 
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Scheme 29. The synthetic route for bimetallic octahedral Ni(II) complex (64) with diamine azo ligand (63) 
 

 

Scheme 30. The synthetic route for azo-imine Ni(II) complex (66) with bis-azo pincer ligand (65)
 
2-(arylazo)-1,10-phenanthroline (67) is another 

redox-active tridentate azo-aromatic pincer ligand 
reported by Nanda D. Paul and coworkers [34]. They 
have examined the redox-induced hemilabile 
coordination behavior of ligands (67). The reaction of 
ligands with hydrated NiCl2 afforded brown-colored 
neutral complexes (68) with a high yield, whereas the 
reaction with Ni(ClO4)2.6H2O yielded di-cationic red-
colored complexes (69). On the other hand, the 
reaction of the ligand with a low valent Ni(0) 
precursor, Ni(COD)2, produced homoleptic neutral 
complexes (70). X-ray data revealed that the NNN 
tridentate ligands (67) are bound to the Ni(II) centre in 
bidentate mode with an octahedral environment 
around the central nickel ion. In these complexes, the 
azo-chromophore moiety remains pendant. On the 
contrary, complexes (70) are hexacoordinated, in 
which two ligands bind to the Ni(0) centre in a (NNN) 
tridentate mode, as shown in Scheme 31. Complexes 
(68 & 69) are paramagnetic due to the high-spin 
electronic configuration of the Ni(II) ions. Notably, 
the complexes undergo reversible interconverted due  

 

to the hemiliability nature of coordinated redox-active 
azo-aromatic ligands (67). 

R. Mukherjee et al. designed a new potentially 
tridentate 2-pyridine carboxamide ligand attached 
with azo-functionality (71) by refluxing 2-
(phenylazo)aniline with pyridine-2-carbonyl chloride 
in dry THF/Et3N solvent in an inert atmosphere. This 
tridentate ligand reacts with Ni(OAc)2.4H2O in 
methanol, affording black, shining crystals of the bis-
Ni(II) complex (72). The Ni(II) centre in the mer-
complex (72) is coordinated with the ligand by two 
pyridyl-N, two deprotonated amido-N, and two azo-N 
atoms in a cis-trans-cis fashion as shown in Scheme 

32. The coordination environment surrounding the 
Ni(II) ion is a six-coordinated distorted octahedral 
geometry. The structure of the complex (72) was 
validated using X-ray crystallography data. Due to the 
integration of other donor groups, EPR and DFT 
calculations ascertained how subtle changes to 
pyridine amide ligand electronics influence the locus 
of oxidation in Ni(II) complexes of such ligands of 
varying denticities [31]. 
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Scheme 31. The synthetic route for Ni(II) complexes (68, 69 & 70) with redox-active azo-aromatic  pincer ligand (67) 
 

 

Scheme 32. The synthetic route for six-coordinate Ni(II) complexes (72) with azo-containing pyridine amide ligand (71) 
 
In another report S. Chattopadhyay et al., [32] have 

synthesized and characterized a new azo-Salen type 
ligand (73) and corresponding Ni(II) complexes (74). 
X-ray structure confirmed that the two deprotonated 
ligands (73) coordinated to the Ni(II) ion through the 

phenolic-O, azo-N, and aldimine-N atom in (N, N, O) 
tridentate fashion and forms a bis-chelate octahedral 
compound as shown in Scheme 33. Paramagnetic 
measurement also indicated the octahedral geometry 
of the complexes (74).  
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Scheme 33. The synthetic route for bis-chelate Ni(II) complexes (74) with azo-Salen ligand (73) 
 
In a report by A. S. Burlov and his coworkers, 

paramagnetic Ni(II) complexes (76) were synthesized 
using a similar method as diamagnetic Ni(II) 
complexes (32) incorporating azomethine ligands 
(75) containing azobenzene groups in the ortho 
positions of the amine fragment. Herein, the Ni(II) 
complexes give diverse structures due to the 
involvement of the azo-N atom of the phenylazo 

group in the ortho-position of the amine fragment. The 
central Ni-atom is surrounded by ligand N, N, and O 
atoms in a tridentate fashion, which results in an 
octahedral geometry, as shown in Scheme 14. 
Elemental analysis, X-ray, spectral analysis, and other 
physicochemical studies confirmed the geometrical 
structure of the paramagnetic Ni(II) complexes [62]. 

 

Scheme 34. The synthetic route for diamagnetic and paramagnetic Ni(II) complexes (76) with two different azo-Schiff base 
ligands (75) 
 

In 2015, Khalid J. Al-Adilee et al. reported the 
synthesis of an industrially important new heterocyclic 
thiazolyl azo dye ligand (77) and its metal complex 
(78) with Ni(II) ion. In ethanol, the metal chelate was 
synthesized in a neutral buffer solution by refluxing 
with the ligand and nickel chloride (2:1). Various 
analytical, physical, and spectral data such as FT-IR, 

UV-Vis, 1H NMR, and mass spectra of the complex 
showed that the ligand behaves as a mono-basic N, N, 
O tridentate coordination motif. XRD studies revealed 
that the ligand binds to the metal centre with one of 
the azo-N, which is furthest from the thiazole ring, the 
N-atom of the thiazole ring, and the phenolic-O to 
form a five-membered metal ring with octahedral 
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geometry (see Scheme 35). Magnetic measurements 
also confirmed the paramagnetic nature and regular 
geometry of the Ni(II) complex [78]. 

A current investigation by H. K. Dakheel et al. has 
synthesized a Ni(II) complex (80) with a ligand-to-
metal molar ratio of 2:1 by the addition of thiazole-
based azo ligand (79) and nickel (II) hexahydrate 

chloride in absolute ethanol. Electron spectra and 
magnetometry of the metal complex suggested the 
octahedral geometry around the Ni(II) ion. In the bis-
chelate complex (80), the azo-N atom, adjacent to the 
benzene ring, the imine-N atom of the thiazole ring, 
and the amino-N atoms of two ligands coordinated 
with the Ni(II) ion (see Scheme 36) [79]. 

 

 

Scheme 35. The synthetic route for Ni(II) complex (78) of thiazolyl-azo ligand (77) 
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Scheme 36. The synthetic route for bis-chelate Ni(II) complex (80) of thiazolyl-azo ligand (79) 
 
In the current research, a new Ni(II) complex (82) was 

synthesized incorporating a heterocyclic tri-dentate azo-
imine ligand (81). Systematically, various spectral methods, 
molar conductance, magnetic moment measurements, and 
elemental analysis were used to explore the coordination 
mode of the azo ligand. The analytical and spectral studies 
depicted that azo-N, imino-N of the benzimidazole ring, 

and deprotonated-O atoms coordinated with the Ni(II) ion 
afford an octahedral geometry around the Ni(II) ion (see 
Scheme 37). The high magnetic moment and molar 
conductance value of the complex also suggested octahedral 
stereochemistry with a non-electrolyte nature [80]. 

 

 
 
 
 



Chem Rev Lett 7 (2024) 65-122 
 

86 
 

 

 
Scheme 37. The synthetic route for octahedral Ni(II) complex (82) of benzimidazole-azo ligand (81) 
 
Likewise, an imidazole-based azo dye ligand (83) and 

its divalent nickel complex (84) were synthesized in an 
alcoholic buffer medium and characterized by elemental 
analysis and physicochemical methods. The analytical data 
ascertained that the ligand coordinated to central Ni(II) ion 
via azo-N, which is the farthest of the imidazole ring, the 
imine-N atoms of the imidazole ring, and phenolic-O 
atoms, resulting in the octahedral geometry of the metal 
complex (see Scheme 38). The low molar conductance 
value suggested the non-electrolytic nature of the complex 
[81]. 

W. Chen et al. have synthesized a novel thiazolyl 
heterocyclic azo dye (85) and its Ni(II) complex (86) by the 
reaction of tetrahydrate nickel acetate, sodium acetate, and 
the azo-imine ligand in a THF/methanol solvent. The 

(NNN) tridentate coordination mode of the ligand with the 
octahedral structure of the synthesized Ni(II) complex was 
confirmed by usual spectral methods and elemental analysis 
(see Scheme 39) [7].  

In 2021, M. K. Mahdi et al. reported the preparation and 
identification of a new imidazole-based azo ligand (87) and 
its Ni(II) complex (88) by the reaction with NiCl2.6H2O in a 
hot ethanol-ammonium acetate buffer solution. The (NNO) 
tridentate coordination mode of the ligand in the bis-chelate 
complex was confirmed based on their analytical and 
spectral data (see Scheme 40). The observed electronic 
transition and magnetic moment value indicated the 
octahedral environment around the Ni(II) ion in the neutral 
complex [82]. 

 
 

 
Scheme 38. The synthetic route for bis-chelate Ni(II) complex (84) of imidazole-based (NNO) tridentate azo ligand (83) 
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Scheme 39. The synthetic route for bis-chelate Ni(II) complex (86) of (NNN) tridentate thiazolyl heterocyclic azo dye ligand 

(85) 

 
 
Scheme 40. The synthetic route for bis-chelate Ni(II) complex (88) of imidazole-based azo ligand (87) 
 
Another investigation described a synthetic route for a 

novel azo-Schiff base ligand (89) and its complex (90) of 
bivalent nickel ions based on triazole derivatives. The 
structure of this complex was confirmed through various 
spectroscopic techniques such as FTIR, UV-vis, 1H/13C 
NMR, and TG-DTA. The metal ion in the complex was 
bonded to the ligand via the azomethine-N and thiol-S 
atoms, forming five-membered chelate rings [83]. The 
result indicated that the suggested structure of the complex 
had an octahedral geometry (see Scheme 41). 

Another report provided the synthetic route of a new 
Ni(II) complex (92) by adding nickel chloride salt with 
double the quantity of the azo-imine ligand (91) in an 
ethanol-chloroform mixed solvent. The structure of metal 
chelate was studied with the help of 1H/13C NMR, MS, IR, 
magnetic susceptibility, and TGA. Magnetic susceptibility 
and electronic spectra proposed that the ligand behaves as 
tridentate, which coordinated with the Ni(II) ion through the 
azomethine-N, the azo N, and the carboxylate-O atoms and 
octahedral geometry around metal ions, as shown in 
Scheme 42. [41] 
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Scheme 41. The synthetic route for octahedral Ni(II) complex (90) of triazole based azo-Schiff base  ligand (89) 
 

 
 
Scheme 42. The synthetic route for paramagnetic Ni(II) complex (92) of pyrazole-based azo ligand (91) 
 
In another report, S. S. Al-Muhanaa and his 

coworkers synthesized a new heterocyclic azo ligand 
(93) and its Ni(II) complex (94) and characterized all 
the compounds unequivocally. The ligand bound to 
metal ions through azo-N, imine-N, and carbonyl-O 
atoms and exhibited octahedral geometry around the 
Ni(II) centre [84]. The high value of molar 
conductivity for the complex referred to the 
electrolytic nature due to chloride ions outside the 
coordination sphere, as shown in Scheme 43.  

A new ligand 2,2/ -bis(diamino)azobenzene (95) 
was synthesized by oxidative coupling of o-
phenylenediamine with a strong base sodium 
hydroxide. After that, a crystalline Ni(II) complex 
(96) was prepared by the reaction of the ligand with 

Ni(ClO4)2. 6H2O in methanol in the presence of PPh3 
with a high yield. Various spectral methods 
characterized the ligand and complex, and the X-ray 
structure of the complex indicated that the mono-
anionic ligand binds to the metal centre via N, N, N 
tri-dentate fashion producing two six-membered stable 
chelate rings. One PPh3 ligand satisfied the fourth 
coordination site of the nearly square complex, and 
one perchlorate anion neutralized the charge of the 
complex, as shown in Scheme 44. Due to the 
delocalization of the negative charge through the six-
membered chelated ring of the complex, it recognized 
the imine (C=N) bond formation [30]. 
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Scheme 43. The synthetic route for electrolyte bis-chelate Ni(II) complex (94) of heterocyclic azo ligand (93) 
 

 

Scheme 44. The synthetic route for Ni(II) complex (96) of 2,2/ -bis(diamino)azobenzene  ligand (95) 

  

A significant water-soluble azo-linked Schiff base 
ligands (97) and their corresponding Ni(II) complexes 
(98) were synthesized and characterized by elemental 
analyses, 1H NMR, 13C NMR, DEPT (distortionless 
enhancement by polarization transfer), APT (attached 
proton test), IR spectra, UV-Vis, MS, spectroscopy, 
and magnetic susceptibility measurement. The spectral 
analysis revealed that Ligand coordinated to Ni(II) ion 
in N, O, and O tridentate fashion via the phenolic-O, 
the naphthalic-O, and the imino-N atom, as shown in 
Scheme 45. The measured magnetic moment at room 
temperature of the synthesized Ni(II) complexes (98) 
indicated the tetrahedral geometry of metal complexes 
[85]. The spectral analysis demonstrated that the 

ligand (97) showed keto-enamine tautomerism and 
stabilized through two six-membered H-bonds.  

Subsequently, a tridentate-chelating azo-Schiff 
base ligand (99) substituted with salicylaldehyde 
derivatives with thiosemicarbazide and their Ni(II) 
complex (100) was prepared and characterized by 
elemental analysis, various spectral methods, and 
thermogravimetric analysis. The structure analysis 
indicated that the tridentate ligand (99) coordinated 
with the Ni(II) centre through thione-S, azomethine-N, 
and phenolic-O, and the fourth position was occupied 
by a water molecule. The Azo group acts as a 
spectator [86]. The molar conductivity values 
suggested the non-electrolyte nature of the complexes 
(100), as shown in Scheme 46. 
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Scheme 45. The synthetic route for tetrahedral Ni(II) complex (98) with azo-linked Schiff base ligands (97) 
 

 

 

Scheme 46. The synthetic route for non-electrolyte (Ni(II) complex (100) with (NSO) tridentate azo-linked Schiff base ligand 
(99) 

 
A similar type of Schiff base complexes (102) was 

synthesized by stirring NiSO4.7H2O and azo-based 
Schiff base ligands (101) in a hot ethanol-water 
solution. Elemental analyses, CHN, various spectral 
analyses, TG, and DTG analyses unequivocally 
confirmed the composition of the ligands and metal 
complexes, in which the ligand coordinated with the 
metal centre through azomethine-N and two 
protonated phenolic-O atoms in a tridentate fashion. 
Molar conductivity measurement of metal chelates 
indicated the electrolytic behavior and anion SO4

2- 

present outside the coordination sphere of the 
complexes (see Scheme 47) [111].  

Likewise, Ni(II) complexes (104), with modified 
heterocyclic azo dye ligands (103), were synthesized 
and characterized clearly by spectral data, X-ray 
powder diffraction, and molar conductivity 
measurement. The analytical data confirmed the 
stereochemical arrangement of (ONO) tridentate 
ligands around central metal ions (see Scheme 47). 
Unlike complexes (102), new complexes are 
nonelectrolyte in nature [42]. 
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Scheme 47. The synthetic route for two Ni(II) complexes (102 & 103) with (ONO) tridentate azo-linked imine ligand (101 & 
103) 

 
A further set of azo-linked Schiff base ligands 

(105) and their corresponding Ni(II) complexes (106) 
were synthesized by the reaction of the ligands and 
CH3COONa with NiCl2.6H2O salt in ethanol. All the 
compounds were purified by the usual methods and 
thin-layer chromatography. The elemental analyses, 
magnetic moment measurements, absorption spectra, 
infrared spectra, and thermogravimetric analysis 
authenticated the geometry of the complexes. The 
Ni(II) complexes (106) showed high magnetic 
moment values (2.99 – 3.02 BM), which confirmed 
the high-spin distorted octahedral structure [88]. The 
two units of the tridentate ligands interact with Ni(II) 
ions through the salicylic ring-O, the naphthalic-O, 
and the imino-N to form mononuclear, hexa-
coordinated metal complexes, as shown in Scheme 48. 

C. Anitha et al. reported the synthetic route of a 
tetrahedral Ni(II) complex (108) from the new azo 
Schiff base ligand (107). Elemental analysis, UV-Vis, 
IR, 1H-NMR, XRD, MS spectral analysis, magnetic, 

SEM, and conductivity measurements have been 
utilized to determine the composition of a structure. 
Spectral analysis indicated that the Ni(II) centre bound 
with azomethine-N and two vicinal oxygen atoms of 
the ligand and afforded tetrahedral geometry around 
the metal ion. The azo group is free from coordination 
in this complex, as shown in Scheme 49. Low molar 
conductance values indicated their non-electrolytic 
nature [89]. 

Further, this group of researchers has synthesized a 
nickel complex (110) by the reaction of an equimolar 
mixture of a new azo azomethine ligand (109) based 
on pyrazole ring and nickel chloride salt in an alkaline 
ethanolic solution which was characterized by various 
physicochemical and spectral data and suggested the 
octahedral geometry around the metal ion of Ni(II) 
complex (110) (see Scheme 50). The molar 
conductance value implies the non-electrolytic nature 
of the complex [46]. 
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Scheme 48. The synthetic route for mononuclear hexa-coordinated octahedral Ni(II) complex (106) with azo-linked Schiff 

base ligands (105) 
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Scheme 49. The synthetic route for tetrahedral Ni(II) complex (108) with tridentate (ONO) azo-imine ligand (107) 

 

 

Scheme 50. The synthetic route for octahedral Ni(II) complex (110) with tridentate (ONO) azo-imine ligand (109)

A-N. M. A. Alaghaz et al. synthesized an 
asymmetrical tridentate Schiff base ligand (111), and a 
solid complex (112) of Ni(II) was also prepared with 
this ligand and characterized by various 
physicochemical techniques. The geometry of the 
complex (112) was characterized employing spectral, 

magnetic, thermal studies, and DFT calculations and 
suggested that the Ni(II) complex (112) is 
paramagnetic and the NNO tridentate ligand affords 
an octahedral complex, as shown in Scheme 51. It is 
clear that the complex is non-electrolyte in nature, as 
indicated by the presence of chloride ions in 
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coordination, as shown by the conductance 
measurements [90]. 

 
 

 

Scheme 51. The synthetic route for octahedral Ni(II) complex (112) with asymmetrical Schiff base ligand (111)

The new azo-imine complex of Ni(II) (114) in 
Scheme 52 was synthesized by the reaction of the 
newly designed pyrimidine-based azo-Schiff base 
ligand (113) and Ni(CH3COO)2.4H2O in 
MeOH/CHCl3 (1:1) mixed solvent The features of the 
ligand and complex were assigned based on various 
microanalytical data and spectroscopic data (magnetic, 
molar conductivity measurements, API-ES mass, 13C 

NMR, 1H NMR, UV-Vis, IR, etc.). The Schiff base 
ligand operates as the monobasic tridentate ligand 
(113) that coordinates via an azomethine-N, an O-
atom of one phenol-OH, and the pyrimidine-2 (1H)-
one portion, and the mononuclear complex affords a 
high-spin octahedral arrangement around the central 
Ni(II) atom [91]. The azo (-N=N-) group lies in a 
pendant. 

 

 

Scheme 52. The synthetic route for mononuclear Ni(II) complex (114) with pyrimidine-based azo-Schiff base ligand (113) 
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Later on, another group synthesized a novel 
heterocyclic azo-Schiff base ligand (115) and 
corresponding Ni(II) chelate complex (116) in 
ethanol, mixing metal and ligand in a (1:2) molar 
ratio. The spectral analyses revealed the composition 
of the complex. The high magnetic moment value 
indicated the regular octahedral geometry of the 
complex with sp3d2 hybridization. In the Ni(II) 
complex (see Scheme 53), the azo-imine (N, N, O) 
tridentate ligand binds to the metal centre through the 
azo-N atom nearest to the phenol ring, the phenolic-O 
atom, and the benzimidazole-N atom to give a two-
five-membered chelate ring [92].  

Recently, a new class of chelating ligands (117) 
and incorporating this (arylazo)pyrazole-based nickel 
complexes (118) have been synthesized and 
characterized by physicochemical, all spectral 
analyses. Single crystal X-ray crystallography data 
authenticated the (NNN) tridentate coordination mode 
of the ligands in the Ni(II) complexes as shown in 
Scheme 54. The two arylazo groups lie in a pendant 
[48]. 

 
 

 

Scheme 53. The synthetic route for Ni(II) complex (116) with heterocyclic azo-Schiff base ligand (115) 

 

Scheme 54. The synthetic route for (arylazo)pyrazole-based Ni(II) complexes (118) with (NNN) tridentate azo-imine ligand 

(117) 

In 2019, G. Krishnamurthy and his co-workers 
synthesized a novel tridentate azo-azomethine ligand 
(119), and its Ni(II) complex (120) was structurally 
characterized by various analytical and spectroscopic 
techniques. The analytical data revealed that the metal 
reacts with the ligand and forms a two-five-membered 
bis-chelate complex. The molar conductance data 
indicated that the complex is non-electrolytic in 

nature. The electronic spectra and magnetic moment 
measurement reported that the ligand coordinated with 
Ni(II) ion with carbonyl-O, deprotonated phenolic-O, 
and azomethine-N atoms having an octahedral 
geometry [93]. The spectral study clearly showed the 
non-participation of the azo group in complex 
formation (see Scheme 55).  
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Scheme 55. The synthetic route for bioactive Ni(II) complexes (120) with azo-azomethine ligand (119) 

 

Remarkably, the reaction of a newly synthesized 
pyrimidine-based azo-linked Schiff base ligand (121) 
and Ni(OAc)2.4H2O in a mixture of MeOH-CHCl3 as 
solvent at room temperature yielded a deep blue-
colored Ni(II) complex (122). The synthesized 
compounds were defined by using 1H-NMR, 13C-
NMR, elemental analysis, FT-IR, MS, UV-vis, molar 
conductance, magnetic susceptibility, and thermal 

analysis techniques. The physicochemical and 
spectroscopic results indicated that the Ni(II) ion is 
bonded to the azo-azomethine ligand through the 
phenolic-O and carbonyl-O of the pyrimidine ring, the 
imino-N atoms, and the octahedral geometry around 
the Ni(II) ion in the mononuclear complex (see 
Scheme 56) [94]. The azo chromogen group is a 
pendant in the metal complex (122). 

 

 

Scheme 56. The synthetic route for octahedral Ni(II) complex (122) with azo-azomethine ligand (121) 
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2.3. Nickel complexes with tetra-dentate azo-

azomethine ligands

Daniela Pucci and his coworkers have synthesized 
and fully characterized a tetradentate and a bidentate 
multifunctional Schiff base ligand (123 & 124) with a 
flexible azo spacer between the pyridine moiety and 
the salicylidene fragment. After refluxing separately, 
these two ligands and Ni(CH3COO)2.4H2O in ethanol 
afforded two solid complexes with a high yield. 
Analyses showed that in the first case, the ligand 
coordinated with the Ni(II) centre through (ONNO) 
tetradentate fashion, resulting in a mononuclear 
complex (125). In the latter case, nickel formed a bis-
chelate complex (126), and two ligands bound through 

N and O atoms satisfied the tetra-coordination of 
nickel. Furthermore, when both Ni(II) complexes (125 

& 126) were dissolved in a pyridine solvent, 
complexes exhibited hexa-coordination, which was 
confirmed by X-ray molecular structure 
determination. The molecular structure revealed that 
the central Ni atom (127) is pseudo-octahedrally 
coordinated by two Schiff base ligands and two 
pyridine ligands in cis positions. The Schiff base 
ligands form a six-membered chelate ring with the 
metal ion (see Scheme 57). [95] 

 

Scheme 57. The synthetic route for Ni(II) complexes (125, 126 & 127) with multifunctional Schiff base (123 & 124) 

 
Likewise, C. Anitha and her co-workers have 

synthesized the Ni(II) complex (129), incorporating a 
newly characterized azo-azomethine ligand (128). The 
complex (129) was characterized by various analytical 
and physicochemical techniques. Electronic spectral 

and magnetic susceptibility studies indicate the 
octahedral stereochemistry around the d8 Ni(II) ion, 
where the ligand binds to the Ni(II) centre in a (N, N, 
O, O) tetradentate fashion, as seen in Scheme 58. The 
molar conductance values of mononuclear complexes 
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in DMSO (1 × 10−3M) suggest the absence of ionic 
character [96]. 

In another report [97], a new Ni(II) complex (131) 
with the tetradentate Schiff base N2O2 dibasic 
chelating ligand (130) and Ni(CH3-COO)2.4H2O in 
ethanol have synthesized, and its structure was 

elucidated by elemental, spectroscopic, and thermal 
analyses as well as conductivity and magnetic 
susceptibility measurements. Magnetic susceptibility 
and electronic spectra measurements confirmed the 
tetrahedral geometry of the metal complex, as shown 
in Scheme 59.  

 

Scheme 58. The synthetic route for Ni(II) complex (129) of azo-methine ligand (128) 

 

 

Scheme 59. The synthetic route for Ni(II) complex (131) with N2O2 Schiff base chelating ligand (130) 

 

Subsequently, novel azo-Schiff base ligands (132) 
with NNOS coordination sphere and their 
corresponding Ni(II) complexes (133) were 
synthesized by Saied Menati et al. (2013). Elemental 
analysis, 1H-NMR, IR, and UV-Vis have been used to 
determine the structures of ligands and complexes. 
The X-ray results confirmed that the Ni(II) ions 
coordinate to two imine-N atoms from the imine 

moiety of the ligands, a S-atom from the methyl 
dithiocarboxylate moiety, and a phenolic-O atom, 
resulting in tetragonal distortion relative to the square 
planar geometry in Ni(II) complexes (133) (see 
Scheme 60) [98]. 

Continuing this work, the above group of 
researchers have synthesized and characterized 
unambiguously likewise asymmetric tetradentate 
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ligands (134) and their corresponding Ni(II) 
complexes (135). The X-ray study showed that the 
Ni(II) ion is coordinated through the nitrogen atom 
soft hydrogen group, the oxygen atom of the phenolic 

group, and sulfur of the C=S group for Ni(II) 
complexes, affords distorted square planar geometry 
(see Scheme 61) [99].  

 

 

Scheme 60. The synthetic route for Ni(II) complex (133) with tetradentate (NNOS) Schiff base chelating ligand (132) 

 

Scheme 61. The synthetic route for Ni(II) complex (135) with tetradentate (NNOS) Schiff base chelating ligand (134) 

 

In a report by M. Kurtoglu et al. a new Salen-type 
azo-azomethine ligand (136) and its Ni(II) complex 
(137) were synthesized and characterized by 
spectroscopic and analytical methods. The spectral 
investigation revealed that in the Ni(II) complex, the 
metal ion is coordinated to two phenolate-O atoms and 
two imine-N atoms of the bis-azo Schiff base ligand in 
ONNO tetradentate fashion to give an approximate 
square planar geometry [100], as shown in Scheme 62. 

In an article, a new organometallic Ni(II) complex 
(139) was synthesized by mixing an azo-azomethine 
ligand (138) with nickel chloride salts in a hot 
CHCl3/MeOH-mixed solvent. The structure of the 
complex was elucidated by elemental analyses and 
different analytical methods. The tetradentate bis-azo 
Schiff base ligand is coordinated through two 

phenolic-O and two imine-N atoms with the Ni(II) 
centre in an almost square planar shape [101] (see 
Scheme 63). 

Likewise, Z. Shaghaghi et al., another Ni(II) 
complex (141) was synthesized by the reaction of 
nickel acetate salts and a new tetradentate N2O2 donor 
azo-azomethine-type ligand (140). The ligand and 
complex were characterized by different spectroscopic 
methods, molar conductivity measurements, and 
elemental composition analysis. It showed that the 
central metal ion is surrounded in a tetra-dentate 
fashion with ONNO donor atoms, as shown in 
Scheme 63. The low value of molar conductivity 
indicated the nonelectrolyte behavior of the complex 
[102]. 
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Scheme 62. The synthetic route for Ni(II) complex (137) with tetradentate (ONNO) Schiff base chelating ligand (136) 

 

Scheme 63. The synthetic route for Ni(II) complexes (139 & 141) with tetradentate (ONNO) azo-Schiff base chelating ligands 

(138 & 140) 
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Similarly, another novel tetradentate azo-imine 
ligand (142) was synthesized by the condensation 
process of an azo-aldehyde and ethylenediamine. The 
nickel complex (143) in Scheme 64 was also prepared 
in a hot MeOH-CHCl3 mixed solvent, mixing this 

ligand, and its structure was confirmed by elemental 
analysis, molar conductivity measurement, and other 
spectral methods. The Ni (II) is coordinated with the 
ONNO dibasic tetradentate ligand, resulting in 
approximately square planar geometry [103]. 

 

 
Scheme 64. The synthetic route for Ni(II) complex (143) with tetradentate (ONNO) azo-Schiff base chelating ligand (142) 

 
M. Almáši et al. have prepared a novel 

tetracarboxylic Schiff base ligand (144) by 
condensation reaction in anhydrous ethanol. This 
ligand formed a stable chelate complex (145) when it 
was treated with Ni(NO3)2.6H2O in a mixture of 
solvents (DMF, EtOH, and H2O). The ligand and 
complex were characterized by elemental analyses, 1H 

and 13C NMR, powder X-ray diffraction, thermal 
analysis, UV-Vis, IR, spectroscopy, and ICP-MS 
analyses. The Ni(II)ion is coordinated with the ligands 
two imine-N and two phenolate-O atoms (see Scheme 
65). Here, the azo group acts as a spectator, and all 
carboxylic groups are free [104].  

 
 

 
Scheme 65. The synthetic route for Ni(II) complex (145) with novel tetracarboxylic azo-azomethine ligand (144) 
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In the present study, a new azo-Schiff base ligand 
(146) and its Ni(II) complex (147) were synthesized 
and characterized by elemental and spectral analyses. 
(UV-Vis, IR, 1H NMR, and natural bonding orbital 
analysis) (NBO). Quantum chemical calculations have 
been performed to provide the geometrical and 

electronic structures of the Ni(II) complex. The 
spectral analysis indicated the ONNO tetra-
coordination mode of the ligand and suggested square-
planar or distorted square-planar geometry of the 
complex (see Scheme 66). The Ni(II))complex is 
diamagnetic [105]. 

 

 
Scheme 66. The synthetic route for Ni(II) complex (147) with an azo-azomethine ligand (146) 

 
In a report by S. Chattopadhyay et al., a novel azo-

aldimine hybrid ligand (148) was prepared by 
refluxing 2-(arylazo)aniline with salicylaldehyde in 
diethyl ether. The reaction of this ligand with 
Ni(CH3COO)2·4H2O in refluxing methanol 
precipitated the ortho-nickelated green complex (149). 
Furthermore, the reaction of the complex (C) in 
CH2Cl2 with aqueous H2O2 or m-chloroperbenzoic 
acid (m-CPBA) or tert-butyl hydroperoxide (TBHP) 
affords a new metalloazosalophens (150) (see Scheme 
67) as a result of oxygen insertion into the Ni-C bond. 
All the ligands and complexes were characterized by 

elemental and spectral analyses. The X-ray structure 
authenticated the structure of the complexes (149 & 

150) unequivocally. In the complex (149), the di-
anionic ligands bind to the metal centre through the 
azo-N, imine-N, phenolic-O, and ortho-C atoms of the 
benzene ring nearer to the azo group and furnished 
distorted square planar geometry. In complex (150), 
the di-anionic ligands bind Ni(II) in tetradentate 
(ONNO) fashion in distorted square planar geometry. 
The Ni(II) azosalophens (150) are diamagnetic and 
neutral [106]. 

 

 
Scheme 67. The synthetic route for tetradentate Ni(II) complex (149) metalloazosalophens (150)  with an azo-aldimine 

ligand (148) 
 
Subsequently, in another report, stable Ni(II) 

chelate complexes (152) were synthesized upon 
reaction with Ni(OAc)2.4H2O and newly designed 

azo-Schiff base ligands (151) in methanol. The 
structure features of the synthesized complexes were 
examined by elemental analysis, UV-vis, IR-
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spectroscopy, and 1H NMR spectral data [43]. The X-
ray structure asserted that the di-anionic ligand (151) 
is coordinated through imine nitrogen-N, azo 

nitrogen-N, amido-N, and phenolate-O atoms, 
affording square planar geometry, as shown in 
Scheme 68. 

 

N N

NH

R

N

HO

N N

N

R

N

O

Ni

Ni(OAc)2.4H2O

MeOH

R = -Me, -Et
Stirred 3h

(151) (152)
 

Scheme 68. The synthetic route for (NNNO) tetradentate Ni(II) complex (152) with azo-Schiff base ligand (151) 
 
In a research work, a group of researchers have 

explored the synthesis and coordination chemistry of a 
nickel metal complex (154) obtained from the reaction 
of the newly designed tetra dentate heterocyclic ligand 
(153) with nickel chloride salt in hot ethanol. The 
prepared compounds were characterized by different 
micro-analytical techniques and elemental analysis. 
The spectral analysis indicated that the metal ion is 

coordinated with the ligand through thioamido-S, 
azomethine-N of pyrazole and imidazole rings and 
azo-N atoms in (SNNN) tetradentate fashion and 
suggested a diamagnetic square-planar geometry of 
the metal complex (see Scheme 69). The high molar 
conductance value indicates the electrolytic nature of 
the metal complex [107]. 

 
Scheme 69. The synthetic route for Ni(II) complex (154) with tetradentate (SNNN) azo-Schiff base ligand (153) 

 
Another noteworthy tetradentate azo-Schiff base 

ligands (155), as well as their Ni(II) complexes (156), 
were synthesized by refluxing Ni(OAc)2.4H2O and 
these ligands in an ethanol/chloroform mixed solvent. 
Elemental analysis, infrared, UV-Vis, mass spectra, 
and 1H NMR spectroscopy were used to characterize 

the composition and geometrical arrangement of all 
compounds [108]. The Ni(II) complexes are 
diamagnetic and square-planar, which was confirmed 
by the magnetic moment measurement value. In the 
complexes, the metal atom is surrounded by ONNO 
tetradentate fashion, as shown in Scheme 70. 
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Scheme 70. The synthetic route for Ni(II) complex (156) with tetradentate (ONNO) azo-Schiff base ligand (155) 
 
Likewise [109], a new non-electrolyte Ni(II) 

complex (158) embedded in N2O2 donor azo-Schiff 
base ligand (157) was synthesized and characterized 
by elemental analysis, various spectral analysis, as 
well as molar conductivity and magnetic susceptibility 

measurement. The spectral data suggested that the 
central Ni(II) ion is coordinated through two 
azomethine-N and two deprotonated-O atoms, which 
bestow octahedral geometry with sp3d2 hybridization 
(see Scheme 71).  

 
Scheme 71. The synthetic route for non-electrolyte octahedral Ni(II) complex (158) with N2O2-donor azo-Schiff base ligand 

(157) 
Benjamin J. Coe and his coworkers [110] have 

synthesized a series of tetradentate (N2O2)-chelated Ni(II) 
complexes (160, 162 & 164) incorporating new alkyl ester-
functionalized pro-ligands (159) /biphenyl-based pro-azo 
ligands (161)  or Salen-like pro-azo ligands (163)  with 
various substituents close to and remote from the metal 
centre. These compounds were characterized using different 
physical techniques, including 1H NMR and matrix-assisted 

laser desorption/ionization mass spectroscopy. Single 
crystal X-ray structure confirmed the coordination 
geometry around the Ni(II) is strictly square-planar 
geometry for the bis-chelate Ni(II) complexes (160 & 162) 
and distorted square-planar geometry for the Ni(II) 
complexes (164) for Salen-like ligands (163)  (see Scheme 
72). 

 



Chem Rev Lett 7 (2024) 65-122 
 

104 
 

 

NR1

N OH

N

R2

R1 = -COOEt, -COCl

R2 = i-Pr, t-Bu, n-Bu, n-C6H13, n-C6H13,

n-C8H17, n-C12H25, Ph, OH, C6H4-4-CO2Et

(159)

Ni(OAc)2.4H2O C2H5OH

reflux 2 h

NR1

N O

N

R2

N R1

NO

N

R2

Ni

(160)

N

N OH

N

C8H18-n
(161)

Ni(OAc)2.4H2O C2H5OH

reflux 2 h

(162)

n-C7H15O

N

N O

N

C8H17-n

n-C7H15O N

NO

N

n-C8H17

OC7H15-nNi

N

N OH

N

Ni(OAc)2.4H2O
C2H5OH

reflux 2 h

N

N
N

O

Et
Et

O HO

N

N O

N N

N
N

O

Et
Et

O O

Ni

(163)

(164)
 

Scheme 72. The synthetic route for Ni(II) complex (160, 162 & 164) with tetradentate alkyl functionalized, biphenyl-based, 
and Salen like Pro azo  ligand (159, 161 & 163) 

 
At present, Eman A. Bakr and his groups have 

synthesized a novel azo-Schiff base ligand (165) based on 
heterocyclic benzoxazole and pyridine moieties and its 
Ni(II) complex (166) with a metal-to-ligand 2:1 ratio. The 
investigated compounds were structurally characterized 
experimentally using various analytical and spectroscopic 
tools and theoretically using the DFT method. The spectral 
analyses indicated that the multidentate ligand coordinated 
with the Ni(II) ions in two centres and formed a binuclear 

complex. In the first centre, Ni(II) is coordinated through 
azo-N and azomethine-N atoms of the benzoxazole ring. 
Another Ni(II) ion is coordinated with azomethine-N and 
carbonyl-O atoms, as shown in Scheme 73. Moreover, the 
electronic transition, as well as the high magnetic moment 
value of the complex, suggested the paramagnetic with 
tetrahedral geometry. Nonetheless, the 3D molecular 
structure of the Ni(II) complex is in concordance with the 
geometrical structures proposed experimentally [111]. 
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Scheme 73. The synthetic route for bi-nuclear Ni(II) complex (166) with azo-azomethine benzoxazole based ligand (165) 
 

2.4. Nickel complexes with denticity (�)>4 azo-

azomethine ligands 

 
In another article, Eman M. Abdel-Satar and his 

coworkers reported a bi-nuclear Ni(II) complex (168) 
with pentadentate azo-Schiff base ligand (167). The 
Ni(II) chelate complex was synthesized by the mixture 
of NiCl2.6H2O and ligand with continuous stirring at 
70 °C. The proposed structures of the ligand and it 
chelates were characterized by employing several 
Spectro-analytical techniques and elemental analysis. 
The ligand shows a pentacoordinate binding mode in 
metal chelate and coordinates via carbonyl-O, 
azomethine-N atoms, and phenolic-OH group on one 
side, along with azo-N atom and phenolic-OH group 
on the other side. The spectral data proposed that the 
Ni(II) chelate has square-pyramidal and square planar 
geometry around two metal ion centres, as shown in 
Scheme 74. According to the measured molar 
conductance values, the Ni(II) chelate is ionic due to 

the presence of two chloride ions in the outer sphere 
of the complex [112].  

In a report, new bis-iminated azo-azomethine 
ligands (169) and their Ni(II) complexes (170 & 171) 
were synthesized and characterized unequivocally by 
H. Khanmohammadi et al. The single crystal X-ray 
structure of the Ni(II) complex (170) suggested that 
the coordination sphere of Ni(II) is surrounded by 
N2S2O2 donor atoms, resulting in a slightly distorted 
octahedral geometry. On the other hand, spectral 
analyses revealed that in complexes (171), Ni(II) ions 
are coordinated with two-S, one phenolic-O, and an 
azomethine-N atom, and one perchlorate anion is also 
coordinated with the metal centre, resulting in 
different geometry as shown in Scheme 75. In both 
complexes, the azo (-N=N-) groups are free for 
coordination [113]. 

 



Chem Rev Lett 7 (2024) 65-122 
 

106 
 

 

Ni(ClO4)2.6H2O

MeOH/CHCl3

N S S

OHR

H
N

HO R

H

Stirred, 24hrs, 450C

N

S S

O
R

N

O
R

Ni .0.5H2O

N N Cl N N Me

N N OMe

R =

N S S

CH

OR

N

HC
OH

R

Ni

ClO4

+

(169)

(170) (171)

R =

 
 

Scheme 74. The synthetic route for bi-nuclear Ni(II) complex (168) with pentadentate azo-Schiff base ligand (167) 
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Scheme 75. The synthetic route for Ni(II) complexes (170 & 171) with hexa- and penta- coordinated azo-azomethine dye 

ligands (169) 
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In another investigation by L. K. Abdul Karem et 
al., they reported the synthetic procedure of a novel 
Ni(II) complex (173) of a newly designed and 
synthesized azo-Schiff base ligand (172). The 
composition elemental composition and structural 
environment of the prepared metal complexes were 
confirmed by FT-IR, 1H, 13C NMR, and CHN 
elemental analysis. The spectral data revealed that the 

ligand coordinated with the metal centre through two 
azo-N atoms, two azomethine-N atoms, and two 
phenolate-O atoms to build an octahedral environment 
around the Ni(II) ion (see Scheme 76). The magnetic 
susceptibility data and molar conductivity values 
indicated the paramagnetic and non-electrolytic nature 
of the Ni(II) complex [114]. 

 

 

Scheme 76. The synthetic route for Ni(II) complex (173) with hexa-coordinated azo-imine ligand (172) 
 

 
Table 1: Characteristics of Synthesized Azo Azomethine Ligands and their Ni(II) Complexes. 

 

Synthesized 

compounds 

Geometry Color % 

Yield 

Characterization 

techniques 

Characteristics Reference 

C11H12N4 (1) 
C13H16N6NiO2S2, 
2(C3H7NO) (2) 

-- 
Distorted 
octahedral 

Orange 
 
Dark brown 

45 
 
54 

UV–Vis, IR, thermal 
and magnetic studies, 
X-ray 

-- [33] 

RC13H9N4 (3) 
R2C26H18N10NiS2 (4) 

-- 
Distorted 
octahedral 

Orange 
 
Dark brown 

54 
 
50-70 

UV–Vis, IR, thermal 
and magnetic studies, 
cyclic voltammetry, 
X-ray 

-- [50] 

C30H25N5 (5) 
C60H50N10NiCl2 (6) 

-- 
Octahedral 

Red 
Brown 

68 
-- 

UV–Vis, FT-IR, -- [51] 

C20H16N4O4 (7) 
C20H17N4 O5NiCl (8) 

-- 
Square 
planar 

Bloody red 
Deep orange 

70 
82 

UV–Vis, FT-IR, 1H 
NMR, magnetic 
studies and molar 
conductivity 

-- [52] 

C19H15N3O (9) 
C38H28N6O2Ni (10) 
 
C38H27N6O2 (11) 
C76H52N6O2Ni (12) 

-- 
Square 
planar 
 
Tetrahedral 

--- 
-- 
 
-- 
-- 

84 
-- 
-- 
-- 
-- 

UV–Vis, FT-IR, 
1H/13C NMR, mass, 
magnetic studies and 
TG, DTA 

-- [53] 

C26H21N4O4.5 (13) 
C52H48 Ni N8O13 (14) 

-- 
Octahedral 
 

Orange 
Orange 
 

77 
70 
 

UV–Vis, FT-IR, 1H 
NMR, cyclic 
voltammetry and X-
ray powder 
diffraction 

Genotoxic [54] 

C20H22N4O4 (15) -- -- 70 UV–Vis, FT-IR, 1H Catalytic, [55] 
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C40H42Ni N8O2  (16) Square 
planar 

-- 
 

72 
 

NMR, mass, cyclic 
voltammetry and 
magnetic studies 

antimicrobial 

C39H55N3O3, 
C43H63N3O3, 
C47H71N3O3, (17) 
C78H108N6O6Ni, 
C86H124N6O6Ni, 
C94H140N6O6Ni (18) 

-- 
 
 
Square 
planar 
 

Yellow 
 
 
Yellow green 
 

85-87 
 
 
80 
 

UV–Vis, FT-IR, 1H 
NMR, DSC 
measurement and X-
ray powder 
diffraction 

Glass-forming 
properties 

[56] 

C16H14N4O (19) 
C32H20N8O4Ni  (20) 

-- 
Square 
planar 

Green 
Light green 

70 
72 
 

UV–Vis, FT-IR, 
1H/13C NMR, 
magnetic studies and 
Powder XRD 

DNA cleavage/ 
Anti-bacterial 

[57] 

C34H27N5O4S (21) 
 
C68H52N10O8S2Ni  
(22) 

-- 
 
Square 
planar 

Light orange 
Brown 

70 
 
60-70 
 

UV–Vis, FT-IR, 1H 
NMR, mass, thermal, 
molar conductance, 
thermal, magnetic 
susceptibility and 
Powder XRD 

Anti-microbial [58] 

C13H14N4O2S (23) 
C10H7N3O2S (24) 
C26H26N8O4S2Ni (25) 
C32H28N6O4Cl4Ni 
(26) 

-- 
 
Square 
planar 

Dark brown 
Reddish 
brown 
Orange 
Dark brown 

86 
79 
 
70 
63 

UV–Vis, FT-IR, 
1H/13C NMR, mass, 
thermal, molar 
conductance, 
magnetic moment, 
TGA/DTA 

Anti-microbial [59] 

C19H13N3O2Cl2 (27) 
 
C38H54N6O4Cl4Ni  
(28) 

-- 
 
Square 
planar 

Light orange 
Brown 

70 
 
60-70 
 

UV–Vis, FT-IR, 1H 
NMR, mass, molar 
conductance, thermal, 
magnetic moment, 
VSM, TGA, DSC 

Anti-bacterial [60] 

C19H14BrN3O2Cl2 / 
C21H18BrN3O2Cl2 
(29) 
C38H26 Br2N6O2Ni/ 
C42H34 Br2N6O2Ni 
(30) 

-- 
 
 
Square 
planar 

Orange 
Orange 
 
 

79/75 
 
 
 
79/87 
 

UV–Vis, FT-
IR1H/13C NMR, X-
ray, mass, molar 
conductance, thermal, 
magnetic moment, 
TG/DTA 

-- [61] 

C22H19N3O / 
C20H17N3O2 (31) 
C44H36NiN6O2/ 
C40H32NiN6O4 (32) 

-- 
 
Square 
planar 

Orange 
 
Brown/Red-
brown 

86/75 
 
70/81 
 

UV–Vis, FT-IR, 
1H/13C NMR, X-ray, 
mass, molar 
conductance, thermal, 
magnetic moment, 
TG/DTA 

--- [62] 

C14H13N3O3 / 
C14H12N4O5/ 
C14H12N3O3Cl (33) 
 

C28H24NiN6O6 / 
C28H22NiN8O8 / 
C28H22NiN6O6Cl2 

(34) 

-- 
 
 
 
Square 
planar 

Yellow/Brown 
/Yellow 
 
 
Green/ 
Brown/ 
Yellow 

72 /79 
/74 
 
 
78 /85 
/81 
 

UV–Vis, FT-IR, 1H 
NMR, X-ray, mass, 
molar conductance, 
ESR spectra, TGA 

Anti-bacterial [63] 

C13H15N5O2S (35) 
 

C26H28NiN10O4S 

(36) 

-- 
 
Square 
planar 

Orange 
 
Color 

68 
 
- 
 

UV–Vis, FT-IR, 1H 
NMR, LCMS, TGA, 
magnetic 
susceptibility, DFT, 
powdered XRD 

Anti-bacterial 
/antioxidant/ DNA 
cleavage/ 
molecular docking 

[45] 

C16H11N4OSBr (37) 
 

-- 
 

Brown 
 

80 
 

UV–Vis, FT-IR, 1H 
NMR, LCMS, TGA, 

Anti-bacterial 
 

[64] 



Chem Rev Lett 7 (2024) 65-122 
 

109 
 

 

C32H20NiN8O2S2Br2. 
2H2O (38) 

Octahedral Dark-orange 76 
 

magnetic 
susceptibility, 
conductivity 

C14H18N6O4S / 
C15H10N6O4S / 
C16H12N6O4S (39) 
 

C28H18NiN12O10S2 / 
C30H22NiN12O10S2 / 

C32H26NiN12O10S2 
(40) 

-- 
 
 
 
Octahedral 

Red/ Reddish 
brown / 
Orange- 
yellow 
Brown-solid / 
Brick-red / 
Red-solid 

71 /74 
/ 62 
 
 
71/ 78 
/75 
 

UV–Vis, FT-IR, 
1H/13C NMR, TG-
DTA, magnetic 
susceptibility, 
conductivity, 
powdered XRD 

antimicrobial, 
antitubercular, 
anti-inflammatory, 

[65] 

C9H8N6O2S (41) 
 

C18H18NiN12O5S2Cl2. 
(42) 

-- 
 
Octahedral 

Brown 
 
Purple 

76 
 
77 
 

UV–Vis, FT-IR, 
1H/13C NMR, 
magnetic 
susceptibility, molar 
conductivity 

-- 
 

[66] 

C17H11N3O2 (43) 
 

C34H20NiN6O4.2H2O 
(44) 

-- 
 
Octahedral 

Dark-grey 
 
Black 

80 
 
93 
 

UV–Vis, FT-IR, 1H 
NMR, magnetic 
susceptibility, molar 
conductivity, CV 

Anti-oxidant 
Anti-cancer 
activity 
 

[67] 

C11H9N5O3 / 
C11H8N5O3Cl (45) 
C33H27NiN9O8Cl2 

(46) 
C23H20N6Cl2Ni (47) 
C22H18N6Ni (48) 

-- 
 
Octahedral 
 
Octahedral 
Distorted 
tetrahedral 

Orange 
 
 
Dark-green 
 
Green 
Brown 

68 
 
- 
-- 
 
-- 
86-90 

UV–Vis, FT-IR, 1H 
NMR, ESI-Mass, 
magnetic 
susceptibility, DFT, 
X-ray, CV 

-- [68] 

C23H23N7 (49) 
 

C46H48N14Cl2ONi 
(50) 

-- 
 
Octahedral 

Light red 
 
Purple 

76 
 
68 
 

UV–Vis, FT-IR, 1H 
NMR, TGA, X-ray, 
SEM magnetic 
susceptibility, molar 
conductivity, thermal 
analyses 

antibacterial, 
antifungal and 
anti-cancer 

[69] 

C21H50N3 (51) 
 

C42H52N6O4Ni (52) 

-- 
 
Distorted 
tetrahedral 

Yellow 
 
Green 

70-90 
 
68 
 

UV–Vis, FT-IR, 1H 
NMR, mass, X-ray, 
thermal analyses 

-- [70] 

C30H24N4O/ 
C30H23N4OCl (53) 
C30H23N4ONi/ 
C30H22N4OCl3Ni(54) 

-- 
 
-- 

Yellow 
 
Yellow/ Green 

79 
 
80/58 
 

UV–Vis, FT-IR, 1H 
NMR, mass, X-ray, 
thermal analyses 

Anti-tumour 
activity 

[71] 

C25H19N3O4 (55) 
C50H36N6O8Ni (56) 

-- 
Octahedral 

Yellow 
-- 

81 
-- 

UV–Vis, FT-IR, 
1H/13C NMR 

-- [72] 

C21H26N3O2 (57) 
C42H48N6O2Ni (58) 

-- 
Square 
planar 

-- 
Brown 

-- 
71 

UV–Vis, FT-IR, CD 
spectra 

Photochromism [73] 

C17H14N4 / C17H16N4 
(59) 
C34H26N8Ni/ 
C34H30N8Ni/ 60) 

-- 
 
Octahedral 

Yellow 
 
Green 

60 
 
85 

UV–Vis, FT-IR, 1H 
NMR, ESI-Mass, 
magnetic 
susceptibility, DFT, 
X-ray, CV 

-- [74] 

C16H13N5 (61) 
C32H26N10 Cl2ONi2 
62) 

-- 
 
Distorted-
Octahedral 

Orange-
yellow 
 
Bright-blue 

70 
 
80 

UV–Vis, FT-IR, 1H 
NMR, ESI-Mass, 
magnetic 
susceptibility, DFT, 
X-ray, CV 

-- [49] 

C17H14N4O2S (63) -- Light-brown 76 UV–Vis, FT-IR, ESR -- [75] 
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C34H26N8 Cl2O4S2Ni2 
64) 

 
Tetrahedral 

 
Light-red 

 
-- 

magnetic 
susceptibility, 
thermogravimetry 

C17H13N5 (65) 
 
C34H26N8 Cl2O4S2Ni2 
66) 

-- 
 
Distorted-
octahedral 

Dark-red 
 
Brownish-
green 

30 
 
82 

UV–Vis, FT-IR, 1H 
NMR, ESI-Mass, 
magnetic 
susceptibility, DFT, 
X-ray, CV 

-- [76, 77] 

C17H13N5 (65) 
 
C34H26N8 Cl2O4S2Ni2 
66) 

-- 
 
Distorted-
octahedral 

Dark-red 
 
Brownish-
green 

30 
 
82 

UV–Vis, FT-IR, 1H 
NMR, ESI-Mass, 
magnetic 
susceptibility, DFT, 
X-ray, CV 

-- [76, 77] 

C18H10N4Cl2 (67) 
C36H20N8Cl6Ni / 
C36H22N8Cl4Ni 68) 
C54H36N8Cl2Ni / 
C54H33N12Cl5NiO8 
(69) 
C36H24N8Ni / 
C36H22N8Cl2Ni (70) 

-- 
 
Distorted-
octahedral 

Brown 
 
Red 
Red 
 
 
 
-- 

90 
 
90 
 
85 
 
95/90 

UV–Vis, FT-IR, 1H 
NMR, ESI-Mass, 
magnetic 
susceptibility, DFT, 
X-ray, CV 

Catalytic activity [34] 

C18H14N4O (71) 
 
C36H26N8O2Ni2 (72) 

-- 
 
Distorted-
octahedral 

Orange-
yellow 
 
Black 

64 
 
73 

UV–Vis, FT-IR, 1H 
NMR, ESI-Mass, 
magnetic 
susceptibility, DFT, 
X-ray, CV 

-- [31] 

RC20H15N3OX (73) 
R = H, CH3, Cl 
X = O, 
NC(C)(CO2Et) 
C36H26N8O2Ni2 (74) 

-- 
 
 
 
Octahedral 

Orange 
/brown 
 
 
Deep-brown 

60/85 
/95 
 
 
50-60 

UV–Vis, FT-IR, 1H 
NMR, ESI-Mass, 
DFT, X-ray 

Photoluminescence [32] 

C24H23N3O / 
C22H21N3O2 (75) 
C48H44N6O2Ni / 
C44H40N6O4Ni (76) 

-- 
 
 
Octahedral 

Red 
 
 
Dark-brown 

75 
 
 
88/89 

UV–Vis, FT-IR, 1H 
NMR, ESI-Mass, 
magnetic 
susceptibility, DFT, 
X-ray, CV 

-- [62] 

C13H15N3OS (77) 
 
C26H30N6O5SNi (78) 

-- 
 
Octahedral 

Reddish-
orange 
Green-bluish 

82 
 
64 

UV–Vis, FT-IR, 1H 
NMR, XRD, SEM, 
molar conductivity, 
magnetic 
susceptibility 

Thermal stability [78] 

C11H13N5S (79) 
 
C22H26N10S2Cl2Ni 
(80) 

-- 
 
Octahedral 

Orange 
 
Blue 

68 
 
78 

UV–Vis, FT-IR, 1H 
NMR, mass, molar 
conductivity, 
magnetic 
susceptibility 

-- [79] 

C13H8N4OBrCl (81) 
 
C26H16N8O3Br2Cl2Ni 
(82) 

-- 
 
Octahedral 

Orange-red 
 
Colorless 

83 
 
78 

UV–Vis, FT-IR, 1H 
NMR, molar 
conductivity, 
magnetic 
susceptibility 

Cytotoxicity 
activity 

[80] 

C9H7N4OCl (83) 
 
C18H12N8O2Cl2Ni 
(84) 

-- 
 
Octahedral 

Dark-brown 
 
Purple 

78 
 
64 

UV–Vis, FT-IR, 1H 
NMR, Mass, XRD, 
SEM, molar 
conductivity, 
magnetic 
susceptibility, 

Thermal properties [81] 
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TG/DSC-DTG 
C16H19N4O2S2F3(85) 
 
C32H36N8O4S4F6Ni 
(86) 

-- 
 
Octahedral 

-- 
 
-- 

-- 
 
-- 

UV–Vis, FT-IR, 1H 
NMR, Mass, DSC-
TGA 

Optical & Thermal 
properties 

[7] 

C11H9N4O2Cl (87) 
 
C22H16N8O4Cl2O4Ni 
(88) 

-- 
 
Octahedral 

Dark-red 
 
Greenish-olive 

76 
 
61 

UV–Vis, FT-IR, 1H 
NMR, Mass, 
FESEM, XRD 

Cytotoxicity 
activity 

[82] 

C22H17N7O4S2 (89) 
 
C22H21N7O7S2Ni. 
2CH3COOH (90) 

-- 
 
Octahedral 

-- 
 
-- 

76 
 
61 

UV–Vis, FT-IR, 
1H/13C NMR, TGA, 
DTG 

-- [83] 

C28H26N6O3 (91) 
 
C28H29N6O5ClNi (92) 

-- 
 
Octahedral 

Red-brown 
 
-- 

64 
 
68 

UV–Vis, FT-IR, 
1H/13C NMR, 
magnetic 
susceptibility, TGA 

-- [41] 

C33H28N6O3 (93) 
 
C56H60N12O4Cl2Ni 
(94) 

-- 
 
Octahedral 

Orange 
 
Reddish-
purple 

72 
 
80 

UV–Vis, FT-IR, 
1H/13C NMR, Mass, 
magnetic 
susceptibility, molar 
conductance 

Anti-bacterial and 
anti-fungal activity 

[84] 

C12H12N4 (95) 
 
C30H26N4O4ClPNi 
(96) 

-- 
 
Distorted 
square-
planar 

Orange 
 
Deep-orange 

10 
 
80 

UV–Vis, FT-IR, 1H 
NMR, X-ray 

-- [30] 

C24H15N3Cl2Na2O9S2 
(97) 
C24H21N3Na2O13S2 

Cl2Ni (98) 

-- 
 
Octahedral 

-- 
 
-- 

58 
 
71 

UV–Vis, FT-IR, 
1H/13C NMR (APT, 
DEPT), Mass, 
magnetic 
susceptibility, molar 
conductance 

-- [85] 

C14H13N5OS (99) 
C14H18N5O4SNi 
(100) 

-- 
Square-
planar 

Red 
 
Brown 

78 
 
80 

UV–Vis, FT-IR, 1H 
NMR, Mass, 
thermogravimetry 
molar conductance, 

Biological activity [86] 

RC19H14N3O2 (101) 
RC19H19N3O8SNi 
(102) 
RC19H14N3O3 (103) 
RC19H19N3O4Ni 
(104) 
R = H, Me, Cl 

-- 
 
Square-
planar 

Red 
Reddish-
brown 
Pink/red 
Yellow 

94 
91 
71-73 
62 

UV–Vis, FT-IR, 1H 
NMR, Mass, SEM, 
X-ray, magnetic 
susceptibility, molar 
conductance, 
thermogravimetry 

Anti-bacterial 
activity 

[87, 42] 

C23H17N3O5S/ 
C25H21N3O5S/ 
C23H16N4O7S (105) 
C46H30N6O10S2NiNa2 
C50H38N6O10S2NiNa2 
C46H28N8O14S2NiNa2 
(106) 

-- 
 
 
 
Octahedral 

Brown/dark-
pink/light-
pink 
 
Brown/claret-
red/black 

56/45/ 
62 
 
-- 
50/48/ 
52 

UV–Vis, FT-IR, 1H 
NMR, Mass, 
thermogravimetry 
molar conductance, 
magnetic 
susceptibility 

-- [88] 

C20H15N4O3Cl (107) 
 
C20H16N4O4Ni (108) 

-- 
Distorted 
Square-
planar 

-- 
 
-- 

92 
 
80 

UV–Vis, FT-IR, 1H 
NMR, Mass, SEM, 
X-ray powder, 
magnetic 
susceptibility, molar 
conductance 

Anti-microbial 
activity, NLO 
property 

[89] 
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C24H20N5O2Cl (109) 
 
C24H23N5O4NiCl2 
(110) 

-- 
 
Octahedral 

-- 
 
-- 

89 
 
88 

UV–Vis, FT-IR, 1H 
NMR, ESR and EI 
Mass, SEM, 
X-ray, magnetic 
susceptibility, molar 
conductance 

NLO property [46] 

C28H26N8O5S2 (111) 
 
C28H33N8O9NiS2Cl 
(112) 

-- 
 
Octahedral 

Yellow 
 
Dark-red 

-- 
 
-- 

UV–Vis, FT-IR, 
1H/13H NMR, Mass, 
SEM, TEM, EDX, 
XRD, molar 
conductance, 
magnetic 
susceptibility, 
thermal 

Antimicrobial 
activity 

[90] 

C30H21N5O3 (113) 
 
C60H46N10O9Ni (114) 

-- 
 
Octahedral 

Yellow 
 
Claret-red 

68 
 
40 

UV–Vis, FT-IR, 
1H/13H NMR, API-
ES mass, TGA, molar 
conductance, 
magnetic 
susceptibility 

Antioxidant, Anti-
microbial activity 

[91] 

C22H20N6O (115) 
 
C44H40N12O3Ni (116) 

-- 
 
Square-
planar 

Reddish-
orange 
 
Dark-brown 

78 
 
69 

UV–Vis, FT-IR, 1H 
NMR, mass, molar 
conductance, 
magnetic 
susceptibility 

Antibacterial & 
Anti-fungal 
activity 

[92] 

C26H31N9/ C27H33N9 
(117) 
C26H33N9Cl2Ni/ 
C27H35N11O7Ni (118) 

-- 
 
`   TBP 

Yellow/ 
Orange 
 
Light-green 

60/65 
 
90 

UV–Vis, FT-IR, 
1H/13H NMR, X-ray, 
HRMS, DFT 

Photo-switching 
behavior 

[48] 

C20H17N5O3 (119) 
 
C40H36N10O8Ni (120) 

-- 
 
Octahedral 

Orange 
 
Dark-brown 

77 
 
69 

UV–Vis, FT-IR, 
1H/13H NMR, LCMS, 
ESR, Powdered 
XRD, molar 
conductance, 
magnetic 
susceptibility 

Cytotoxic activity 
Thermal property 

[93] 

C31H23N5O4 (121) 
 
C62H46N10O9Ni (122) 

-- 
 
Octahedral 

Yellow 
 
Dark-blue 

79 
 
56 

UV–Vis, FT-IR, 
1H/13H NMR, MS, 
molar conductance, 
magnetic 
susceptibility 

DNA cleavage 
Antioxidant/ 
antibacterial 
property 

[94] 

C27H24N8O2 (123) 
C24H34N4O (124) 
C27H22N8O2Ni (125) 
C48H66N8O2Ni (126) 
C58H76N10O2Ni (127) 

-- 
 
-- 
-- 
Octahedral 

Orange 
 
Reddish 
Orange 
-- 

73/71 
 
80 
88 
-- 

UV–Vis, FT-IR, 1H 
NMR, MS, DSC, 
powder X-ray 

Supramolecular 
network 

[95] 

C30H18N8O2Cl2 (128) 
C30H20N8O4NiCl2 
(129) 

-- 
 
Octahedral 

Brown 
 
Colored 

60-70 
 
60-77 

UV–Vis, FT-IR, 1H 
NMR, MS, EPR, 
SEM, molar 
conductance, 
magnetic 
susceptibility 

NLO property 
Fluorescence 
property 

[96] 

C28H26N8O6S2 (130) 
C28H32N8O10NiS2 
(131) 

-- 
 
Tetrahedral 

Yellow 
 
Dark-red 

85 
 
-- 

UV–Vis, FT-IR, 1H 
NMR, MS, EPR, 
SEM, molar 
conductance, 
magnetic 

Thermal properties [97] 
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susceptibility 
RC22H23N4OS2 (132) 
RC22H21N4ONiS2 
(133) 
R = H, Me, Et, Cl, 
NO2 

-- 
 
Distorted 
square-
planar 

Coloured 
-- 

68-93 
 
75-88 

UV–Vis, FT-IR, 1H 
NMR, X-ray, CV 

-- [98] 

R1R2C22H25N4OS2 
(134) 
R1R2C22H23N4OS2 
(135) R1 = H, NO2 
R2 = Cl 

-- 
 
Distorted 
square-
planar 

Coloured 
 
Coloured 

68-93 
 
57-80 

UV–Vis, FT-IR, 1H 
NMR, X-ray, CV 

-- [99] 

C32H32N6O2 (136) 
C32H34N6O4Ni (137) 
 

-- 
Square-
planar 

Orange 
Coloured 

38 
74 

UV–Vis, FT-IR, 
1H/13H NMR, X-ray 

Photoluminescence 
property 

[100] 

C32H24N6O2 (138) 
C32H22N6O2Ni (139) 
 
C32H23N6O2Cl (140) 
C32H21N6O2NiCl 
(141) 

-- 
Square-
planar 
 
Square-
planar 

Orange 
Coloured 
 
 
Red powdered 

59 
74 
 
 
80 

UV–Vis, FT-IR, 
1H/13H NMR, CV, 
SEM, XRD 
 

-- 
 
-- 
 
 

[101, 102] 

C30H28N6O4 (142) 
C30H28N6O5Ni (143) 
 

-- 
Square-
planar 

Orange 
Khaki 

84 
77 

UV–Vis, FT-IR, 
1H/13H NMR, X-ray, 
molar conductance 

Cytotoxicity [103] 

C34H24N6O10(144) 
C34H22N7O10Ni (145) 
 

-- 
Square-
planar 

Orange 
Orange 

53 
57 

UV–Vis, FT-IR, 
1H/13H NMR, PXRD, 
ICP-MS, thermal 
analysis 

Thermal stability [104] 

C30H26N6O2(146) 
C30H24N6O2Ni (147) 
 

-- 
Square-
planar 

-- 
-- 

58 
59 

UV–Vis, FT-IR, 1H 
NMR, PXRD, DFT 

Catalytic activity [105] 

RC19H14N3O (148) 
RC19H12N3ONi (149) 
RC19H12N3O2Ni 

(150) 
R = H, Me, Cl 

-- 
Distorted-
Square-
planar 

Coloured 
Green 
Olive-green 

95 
60-70 
60-65 

UV–Vis, FT-IR, 1H 
NMR, X-ray, CV 

-- [106] 

C20H18N4O/ 
C21H20N4O (151) 
C20H16N4ONi / 
C21H18N4ONi (152) 

-- 
 
Square-
planar 

Red 
 
Dark-green 
 

95/95 
 
75/72 
 

UV–Vis, FT-IR, 1H 
NMR, X-ray, CV 

-- [43] 

C15H17N9S (153) 
C15H17N9SNiCl2 
(154) 

-- 
 
Square-
planar 

Red 
 
Brown 

80 
 
60 

UV–Vis, FT-IR, 1H 
NMR, MS, X-ray, 
molar conductance, 
magnetic 
susceptibility 

Antimicrobial 
activity 

[107] 

C30H29N7O2 / 
C32H33N7O4(155) 
C30H27N7O2Ni / 
C32H31N7O4Ni (156) 

-- 
 
Square-
planar 

Yellow 
 
Green 

80/87 
 
80/80 

UV–Vis, FT-IR, 1H 
NMR, MS, molar 
conductance, 
magnetic 
susceptibility 

Thermal property [108] 

C36H40N8O2(157) 
 
C36H42N8O4Ni (158) 

-- 
 
Octahedral 

Deep-green 
 
Green 

81 
 
80/80 

UV–Vis, FT-IR, 
1H/13C NMR, MS, 
molar conductance, 
magnetic 
susceptibility 

-- [109] 

C24H31N3O3 / 
C22H19N3O3 
C24H31N3O3 

-- 
 
 

Orange/grey 
 
 

39-76 
 
80/80 

UV–Vis, FT-IR, 1H 
NMR, MALDI, TD-
DFT, MS, X-ray, 

Dichroism 
property 

[110] 
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(159/161/163) 
C48H60N6O6Ni / 
C66H88N6O4Ni 
C38H38N6O6Ni 
(160/162/164) 

Square-
planar 
Distorted 
square-
planar 

 
Light-brown 
Red/brown 

 
67/53/ 
49 

C19H12N5O3Cl (165) 
 
C21H19N5Cl4Ni2O5 
(166) 

-- 
 
Tetrahedral 

Faint-brown 
 
Greyish-
brown 

81 
 
80/80 

UV–Vis, FT-IR, 
1H/13C NMR, MS, 
XRD, TGA, molar 
conductance, 
magnetic 
susceptibility 

Antimicrobial 
activity 
Cytotoxicity 

[111] 

C19H21N5O6 (167) 
 
C19H24.5N5Cl4Ni2O7.75 
(168) 

-- 
 
Tetrahedral 

Light-brown 
 
Olive-green 

88 
 
81 

UV–Vis, FT-IR, 
1H/13C NMR, MS, 
XRD, TGA, molar 
conductance, 
magnetic 
susceptibility 

Anti-oxidant 
property 

[112] 

C40H30N6O2Cl2S2/ 

C42H36N6O4S2/ 
C42H36N6O2S2/ (169) 
C40H29N6Cl2Ni2O2.5S2 
C44H39N6ClNi2O9S2 
C44H39N6ClNi2O9S2 
(170/171) 

-- 
 
 
Distorted 
octahedral 
TBP 

 
Brown 
 
Brown 

72-78 
 
71-83 

UV–Vis, FT-IR, 
1H/13C NMR, MS, X-
ray, TGA-DTA 

Fluorescence 
property 
Thermal property 

[113] 

C40H40N10O4 (172) 
 
C40H40N10 O7Ni 
(173) 

-- 
 
Octahedral 

Yellow 
 
Green 

71 
 
62 

UV–Vis, FT-IR, 
1H/13C NMR, Mass, 
molar conductance, 
magnetic 
susceptibility 

antimicrobial 
activity 

[114] 

3. Notable features of azo-azomethine ligands and 

their Ni(II) complexes 
3.1a. Genotoxicity 

Dose-dependent mutagenic activity of ligand (13) 
and Ni(II) complex (14) were tested, and the compounds 
exhibited significant mutagenic activity on S. 
Typhimurium TA98 than that on S. Typhimurium 
TA100 in the absence or presence of the S9 mix [54]. 
3.1b. Antimicrobial activity 

The antimicrobial activity [55] of the synthesized 
ligand (15) and complex (16) was tested against a few 
microorganisms using the minimum inhibitory 
concentration (MIC). The complex (16) exhibited higher 
reactivity than the ligand (15). The antibacterial activity 
of the ligand (19) and its Ni(II) complex was also 
examined by the Well diffusion method, and it was 
noticed that the complex (20) has more antibacterial 
activity than the ligand (19) against pathogenic 
organisms such as gram-positive Bacillus subtilis and 
gram-negative Klebsiella pneumonia [57]. Similarly, 
antibacterial activity was performed using the azo-
azomethine ligand (21) and its Ni(II) chelated complex 
(22) against E. coli, K. pneumonia, and B. subtilis. Due 
to the higher lipophilic character of the chelate complex 
(22) than the ligand (21), the metal chelated complex 

(22) showed enhanced antibacterial activity [58]. 
Further, azo-azomethine ligands (23 and 24) and their 
Ni(II) chelates (25 and 26) were tested for their 
antimicrobial activity against the Gram-negative 
bacteria (Escherichia coli), the Gram-positive bacteria 
(Staphylococcus aureus) and the fungus (Candida 
albicans) using Kirby-Bauer and MIC/MBC methods 
[59]. The result showed that the mononuclear Ni(II) 
complexes (25 and 26) have enhanced antibacterial 
activity than the ligands (23 and 24). The antibacterial 
properties of the azo-Schiff base ligand (27) and its bis-
chelate nickel(II) chelate complex (28) were 
investigated in vitro on standard bacteria as well as on 
bacteria isolated from clinical specimens (urine). The 
results revealed that the ligand (27) and its metal 
complex (28) showed very high antibacterial activity 
against Staphylococcus aureus but were ineffective 
against other studied bacteria [60].  

In another investigation, an antibacterial study using 
MIC against gram-positive (S. aureus & B. subtilis) and 
gram-negative (E. coli & S. typhi) bacteria revealed that 
the ligands (33) showed good antibacterial potency over 
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the standard broad-spectrum antibiotic chloramphenicol. 
Furthermore, the metal Ni(II) complexes (34) showed 
low antibacterial sensitivity against all isolates 
compared to their parent ligands but were better than 
chloramphenicol [63]. 

The antimicrobial studies for the ligand (37) and its 
complex (38) were performed against S. aureus and P. 
aeruginosa using the well-diffusion method. The 
enhanced antibacterial activity of the Ni(II) chelate (38) 
compared to the ligand has been observed due to the 
lipophilic nature of metal ions in the complex [64].  The 
pharmacological studies of the newly synthesized azo 
dyes (39) and their Ni(II) complexes (40) were carried 
out against various species. It was reported that the 
Ni(II) complexes (40) exhibited increased antimicrobial 
and antitubercular activity, and the Ni(II) chelates (40) 
have the ability to act as an inflammatory agent in the 
future. The Ni(II) complexes (40) can cleave 
supercoiled plasmid pBR322 DNA [65]. 

The free ligand (35) and its bivalent nickel complex 
(36) were tested against Gram-negative bacteria (E. 
coli), Gram-positive bacteria (B. subtilis), and two 
strains of fungi. In contrast with the ligand, all the 
complexes showed enhanced activity and can act as a 
potent antimicrobial agent against selective pathogens. 
Furthermore, in silico docking studies have also 
indicated that the Ni(II) complex (36) showed more 
negative relative binding energy, had a strong binding 
affinity with the target receptor GlcN-6-P synthase, and 
acted as an excellent inhibitor [45]. 

Similarly, the octahedral Ni(II) complex (172) 
exhibited higher antimicrobial activity compared to the 
free ligand (171) against microorganisms such as E. 
coli, Streptococcus spp., Klebsiella pneumonia, 
Streptococcus spp., Staphylococcus aureus, 
Pseudomonas aeruginosa, and V. cholera [114]. In 
another report, the azo-azomethine ligand (165) 
exhibited higher microbial activity against E. coli, and 
the Ni(II) complex (166) showed higher activity against 
C. albicans. Moreover, the Ni (II) complex (166) has the 
highest cytotoxic effect on HCT-116 cells (IC50 = 11.45 
μM). Another biological study reported that the square 
planar Ni(II) complex (154) displayed more toxicity 
against the gram-positive (S. aureus) and gram-negative 
(E. coli, K. pneumonia) than the fungi (A. niger, R. 
bataicola, and A. flavus). It was also noticed that the 
enhanced antimicrobial activity of the complex (154) 
than the tetradentate azo-Schiff base ligand (153) was 
attributed to the chelation effect [107]. 
3.1c. Antioxidant activity 

The antioxidant activity of the heterocyclic azo-
imine ligand (35) and its Ni(II) complex (36) was 
carried out by using DPPH (2,2-diphenyl—1-
picrylhydrazyl) assay, and the Ni(II) complex (36) 
displayed significant antioxidant activity by scavenging 
DPPH compared to the free ligand (35) [45]. In another 
investigation based on ferrous chelating activity, DPPH 
scavenging activity and reducing power of the Ni(II) 
complex (122) suggested that the complex showed 
significant antioxidant property [94].  
3.1d. DNA binding property 

The DNA binding studies of the complex (20) were 
examined by viscosity measurements, electronic 
absorption, and thermal denaturation methods. It was 
evident that Ni(II) complex interacted with CT-DNA 
through an intercalation mode. DNA cleavage studies 
were carried out by Gel electrophoresis techniques and 
revealed that the Ni(II) complex (20) effectively cleaved 
supercoiled pUC-19 DNA in the presence of UV light 
and metalation, believed to be the prime factors for 
cleaved DNA [54]. Likewise, the DNA cleavage activity 
of the synthesized Ni(II) complex (22) was investigated 
against CT-DNA, and the complex entirely cleaved the 
DNA [58]. 

The DNA binding strength of the synthesized 
tridentate azo-Schiff base Ni(II) complex (36) was 
ascertained with calf thymus DNA using electronic 
absorption titrations and fluorescence spectroscopy. The 
results revealed that the metal chelate bound with CT 
DNA through intercalation, and the complex (36) 
efficiently cleaved supercoiled DNA in the absence of 
an external reagent [45]. Another tridentate azo-imine 
Ni(II) complex (121) showed two-strand DNA cleaving 
properties [94].  
3.1e. Cytotoxic activity 

The anticancer activity of the synthesized non-
chlorinated azo-Schiff base ligand (53) was tested 
against a single-dose concentration (100 �	/ml) of 
MCF-7 and WRL68 cell lines. The invitro screening 
result indicated that the ligand (53) had significant anti-
breast cancer activity [71]. The cytotoxic property of the 
Ni(II) chelate complex (82) was investigated by MTT 
test toward breast cancer cell (MCF7). The result 
indicated that the Ni(II) complex (82) has the capability 
to cure human cancers [80].  

Likewise, the anticancer activity of the azo Schiff 
base ligand (142) and its mononuclear Ni(II) complex 
(143) were studied using MCF7 and L929 cell lines. The 
result exhibited that the Ni(II) complex (143) had the 
slightly better cytotoxicity than the ligand (142) against 
MCF7 than the L929 cell line [103].  
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3.2. Catalytic activity 

The catalytic activity of the Ni(II) complex (16) was 
examined towards the oxidation of cyclohexene and 
styrene under a microwave-assisted system, and the 
result showed that the azo-Schiff base complex (16) has 
good catalytic activity over styrene oxidation [55]. In 
another investigation, the catalytic potential of the 
square planar tetradentate azo-Schiff base Ni(II) 
complex (147) was carried out under optimized 
conditions in CH3CN. The result indicated that the 
complex (147) showed significant catalytic activity 
towards the oxidation of various alkenes to the 
corresponding epoxide, alcohol, aldehyde, and acids 
with higher TON and TOF in contrast with other 
familiar catalysts [105]. 

 
3.3. Glass-forming property 

The glass-forming properties of the Schiff base 
ligands (17) and the related Ni(II) complexes (18) were 
studied by differential scanning calorimetry, polarizing 
optical microscopy (POM), and X-ray diffraction 
(XRD). The result disclosed that the Schiff base ligands 
(17) did not show any tendency toward glass formation 
and go to a crystalline phase. Even the related Ni(II) 
complexes (18) have a great propensity for glass-
forming and, after several days, change to an anisotropic 
glassy state due to different conformers of the 
complexes [56]. 
 
3.4. Photoluminescence properties 

Photoluminescence properties of the azo-imine 
ligands (73) and Thetheir metal complexes (74) were 
examined and the result showed that the ligands (73) 
exhibited significant photoluminescence properties near 
505 and 585 nm upon excitation at 400 nm in CH3CN is 
attributed to the keto form of the ligands (73). Besides 
the complexes (74) are non-emissive and the addition of 
CN-, the complexes shown enhanced emissive intensity.  
Likewise, the tetradentate azo-Schiff base ligand (136) 
in DMF solvent displayed strong photoluminescence at 
441 nm, while it Ni(II) chelate (137)  revealed unlike 
luminescence intensity and quantum efficiency and 
shifting from 441 to 425 nm [100].The Fluorescence 
properties of azo-imine ligands (169) and their Ni(II) 
chelate complexes (170) were examined in DMF at 
room temperature and the ligands show different 
emissive behavior. After chelation with Ni(II) ions, 
ligands exhibited quenched fluorescence attributed to 
the delocalization of electrons to the chelate ring [113].  
In another investigation Ni(II) complex (129) showed 

strong fluorescence with moderate quantum yield than 
the azo-Schiff base ligand (128) in DMSO  at room 
temperature [96]. 

 
3.5. Thermal stability 

The thermal properties of tridentate azo-Schiff base 
ligand (78) and its chelated complex (78) of nickel 
metal were examined from ambient temperature up to 
700 0C by thermogravimetric (TG) and deferential 
thermogravimetric (DTG) in argon atmosphere at a 
heating temperature of 11 ᵒC min-1. The thermogram 
showed that the ligand (77) is stable up to 275 °C, then 
it decomposes into a mixture of compounds up to 439 
°C, and then a mixture of gases is produced up to 700 
°C. Besides, the Ni (II) complex was stable up to 337 
°C, then the complex (78) decomposed to yield NiS 
until reaching a temperature of 413 °C, and then NiO 
was produced up to 700 °C [78]. Likewise, in other 
thermogravimetric analyses in an oxygen atmosphere in 
the temperature range of 30-800 0C, the thermogram 
revealed that the azo-azomethine ligand (83) and its bi-
valent nickel complex (84) show four stages of 
decomposition. The TGA curve of the complex (84) 
indicated the final decomposition temperature in the 
range of 593-800 0C, leaving carbon atoms and NiO 
residue as a final product. [81] Another thermogram of 
azo-azomethine-based Ni(II) complex showed high 
thermal stability and decomposed in four stages in the 
temperature range between 26 to 510 0C,  and another 
Ni(II) chelate complex (114) decomposed in the air 
ended at > 600 0C with NiO formation [93, 91]. 

Another thermogravimetric analysis indicated that 
the decomposition of the Ni(II) complex (131) proceeds 
in five steps. Water molecules were lost between 50 to 
300 °C, and NiO was formed up to 737 to 800 °C [97]. 
The tetradentate Ni(II) complex (145) started to 
decompose after heating at 160 °C. [104] In an 
investigation, the TGA curves indicated that the 
tetradentate ligands (155) began to lose weight at 230 
and 245 °C, respectively. The thermogram displayed 
that the Ni(II) complex started to decay at about 245 °C 
due to the loss of ligand molecules [108]. The thermal 
decomposition studies of the hexadentate azo-
azomethine ligands (169) and their Ni(II) chelates (170 

& 171) were carried out using TGA techniques. The 
TGA curves of the ligands (169) did not display any 
mass loss up to 290 °C. The thermogram showed that 
the complex (170) decomposition occurs in the 
temperature range of 100–270 °C and suddenly 
decomposes after 345 °C; besides, the complexes (171) 
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initiate to disintegration in the temperature range of 30-
190 °C [113]. 
3.6. Non-linear optical (NLO) property  

Total hyperpolarizability of the azo-Schiff base 
ligand (107) was studied and showed higher second 
harmonic generation (SHG) conversion efficiency than 
urea and KDP [89]. Likewise, donor-acceptor the azo-
Schiff base ligand (109) showed 2.1 times more SHG 
efficiency than urea and KDP [46]. In another report, 
the tetradentate azo-Schiff base ligand (128) showed 
SHG efficiency one fourth of the activity of urea and 0.5 
times more activity than KDP. It was also reported that 
the presence of electron-withdrawing chlorine groups on 
both sides of the ligand (128) reduces the second-order 
nonlinearity [96]. 

 
4. Conclusion 

In this review article, we have portrayed the 
synthetic strategies of various notable bivalent nickel 
chelate complexes incorporating azo-azomethine ligands 
in which the azo (-N=N-) and azomethine (-C=N-) 
groups are present in a conjugated or non-conjugated 
way in the ligand backbone. The synthesized Ni(II) 
complexes with azo-azomethine ligands noticeably 
coordinated to the Ni(II) centre in a bidentate, tridentate, 
and tetradentate fashion. The Ni(II) complexes 
embedded with ligands that have denticity (κ) > 4 are 
scarce. The study revealed that the Ni(II) complexes 
bestowed structural diversity, offering square planar, 
octahedral, and a few have tetrahedral geometries. The 
Ni(II) chelate complexes with heterocyclic (N, O, S) 
azo-imine ligands are redox-active. The azo-azomethine 
ligands containing heteroatoms (N, O, S) possessed 
significant biological activity against different microbial 
stains, and their activity has drastically increased after 
chelation due to reduced polarity of Ni(II) ions, 
lipophilicity, and the presence of heteroatoms (N, O, S) 
in ligands and Ni(II) complexes, which facilitates ease 
of strong binding with active binding sites of biological 
molecules. Most of the Ni(II) chelate complexes 
exhibited higher thermal stability, which may help their 
use in high-density optical recording media in the near 
future. 

We are optimistic that this review work will inspire 
the researchers to synthesize various multidentate 
heterocyclic azo-azomethine ligands and their metal 
complexes with structural diversity. Moreover, this 
study will help the researchers design, synthesize, and 
develop new environmentally benign catalysts that are 
more effective, less toxic, and have higher efficacy for 

deadly biological diseases, which is the most 
challenging task for the future. 
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