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Introduction 

The biological importance of organic ligands and metal com-
plexes, as well as their intriguing magnetic and spectral proper-
ties, have drawn a lot of attention in the last ten years [1]. Organic 
ligands can be used to form compounds with metal ions [2]. One of 
such organic ligands which bond with metal to produce a complex 
is 3-hydroxy-4-(2-hydroxy phenyl) amino cyclobut-3-ene-1,2-di-
one (condensation reaction of squaric acid and 2-aminophenol). 
From a study conducted by Dharmendra and Shekar, squaric acid 
condensation reactions with various aliphatic diamines yielded 
Schiff base ligands [3]. This ligand can bond with various transi-
tion metals. Notably Zinc(II) and Nickel(II) to form a coordination 
compound [4]. A metal ion in solution doesn’t exist by itself; in-
stead, it forms complex ions or coordination compounds when 
it combines with ligands (typically solvent molecules or sample 
ions) or chelating groups [5]. A complex can be created when two 
atoms or ions form a dative covalent bond. Typically, a metal ion 
and ligands precipitate in the complex formation process, pro 

 
ducing a complex with unique properties from the basic ions. The 
physical and chemical characteristics of the complex produced 
often alter. As a result of the interaction between the metal ion 
and the ligand, complex ion formation alters the atom’s electron 
configuration [5].

New qualities are characteristically produced by the new elec-
trical configuration. Coordination compounds are another term 
for complexes. Coordination compounds are simply defined as 
having a central metal atom, typically a transition metal like zinc, 
nickel, copper, or iron to name a few, surrounded by a group of 
(2–9) additional atoms, ions, or tiny molecules known as ligands 
[5].The aim of this research work is to synthesize and characterize 
a mixed ligand of 2-amino phenol and squaric acid with Zinc(II) 
and Nickel(II) metal salts for the formation of a resulting metal 
complex. This would be achieved by:

I. synthesizing the mixed ligand 3-hydroxy-4-(2-hydroxy phe-
nyl) aminocyclobut-3-ene-1,2-dione.

JOJ scin 3(1): JOJS.MS.ID.555601 (2022)  001

Abstract
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II. synthesizing Zinc (II) and Nickel(II) metal complexes with 
the above named ligand.

III. Characterizing the ligand and the metal complexes on 
the basis of UV-VIS spectroscopy and FTIR spectral studies. 
The present research integrates the contributions of Ajay et al 
[6]. 

Experimental 

Reagents and Materials: All chemicals used in this study 
were obtained commercially and used without purification. Ap-
paratus used were weighing balance, measuring cylinder, round 
bottom flask, beaker, capillary tube, kallen clamp variable heater, 
test – tube, retort stand and clamp, filter paper, reflux condenser, 
magnetic hot plate with magnetic stirrer, funnel, spatula, test tube 
and glass rod. Chemicals & Reagents used were 2-amino phenol, 
squaric acid, diethyl ether, methanol, ethanol, DMSO, Nickel salt, 
Zinc salt, distilled water, and DPPH.

Synthesis of Mixed Ligand 

The ligand was prepared by dissolving 2.28g of Squaric acid 
in 30mL of diethyl ether and heated at the temperature of 50oC on 
a stirring of 350 resolutions per second, on a magnetic hot plate. 
After 30 minutes of heating, a light pink coloration was observed, 
and a clear homogeneous solution attained. 2.18g of 2-amino phe-
nol, dissolved in 15mL diethyl ether was added drop wisely to the 
stirring Squaric acid solution after an hour, the magnetic stirrer 
was dropped as well. The resulting mixture was then allowed to 
cool for 20 minutes and afterwards, filtered and washed with di-
ethyl ether repeatedly until a pure solution was observed, to re-
move all unreacted substances. The filtrate was covered with an 
aluminum foil in a beaker lightly perforated and allowed to evap-
orate to dryness for three days. The residue on the filter paper 
was dried in a desiccator over CaCl2 for 3 days. After drying a light 
brown precipitate was obtained. The contributions of Ajay et al. 
[6], Khlood et al. [7], Fugu et al. [8] and Mounika et al. [9] are all 
factored into the mixed ligand’s synthesis.

Proposed equation (Figure 1)

Figure-1: 3-Hydroxy-4-(2-hydroxyphenyl) amino cyclobut-3-ene-1,2-dione
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Note: Structure of squaric acid mirrored from the Journal of 
organic chemistry. Squaric Acid N-Hydroxylamides:  Synthesis, 
Structure, and Properties of Vinylogous Hydroxamic Acid Ana-
logues by Nathaniel et al [10]. Additionally, the Journal of Structur-
al Chemistry was used to determine the structure of 2-amino phe-
nol. Thiophenyl-2-methylidene-2-aminophenol’s crystal structure 
and description by Cuin et al [11].

Synthesis of Zinc metal complex of Mixed Ligand

The zinc metal complex was synthesized by dissolving 0.16g 
of zinc salt in 15mL methanol. 0.40g of the mixed ligand was dis-
solved in 30mLdiethyl ether and stirred at 350 revolutions per 
second at a temperature of 50OC for 30 minutes until a homoge-
neous solution was obtained. The dissolved zinc metal solution 
was added drop-wisely to the solution of the mixed ligand after 
which a magnet was dropped and refluxed for seven hours at a 
revolution of 300 revolutions per second at a temperature of 80OC. 
After an hour, the solution turned from brown to orange and later 
turned green until there was no visible reaction. The mixture was 
filtered, and the resulting residue was washed repeatedly with di-
ethyl ether until a colorless filtrate was obtained and later dried in 
a desiccator over CaCl2 for 3 days. The filtrate was covered with a 
slightly perforated aluminum foil for easy evaporation of the sol-
vent. The yield was 80.70%. The methodology employed to create 
the zinc metal complex was influenced by the studies of Mishra 
et al. [12], Shane et al. [13], Snehika et al. [14], and Pattanaik et 
al. [15].

Synthesis of Nickel Metal Complex of Mixed ligand.

The nickel metal complex was synthesized by dissolving 0.23g 
of Nickel salt in 15ml methanol. 0.40g of the mixed ligand was dis-
solved in 30mL diethyl ether and stirred at 350 revolutions per 
second at a temperature of 80oC for 30 minutes until a homoge-
nous solution was obtained. The dissolved Nickel metal solution 
was added drop wisely, to the solution of the mixed ligand after 
which a magnetic stirrer was dropped and the mixture was re-
fluxed for five hours with stirring, at a revolution of 300 revolu-
tions per second at a temperature of 80oC. The mixture turned yel-
lowish green, after an hour of refluxing, it later turned yellow and 
then yellowish – green after 5 hours of refluxing until there was no 
visible change. The resulting mixture was allowed to cool, and lat-
er filtered. The residue was washed repeatedly with diethyl ether 
until a colorless filtrate was obtained and later dried in a desicca-
tor over CaCl2 for 3 days. The filtrate was covered with a slightly 
perforated aluminum foil, for easy evaporation of the solvent. The 
yield was 66%. The process employed to obtain the nickel metal 
complex was inspired by the research papers of Khalil et al. [16], 
Undegaonkar et al. [17], and Dubey et al. [18].

Melting point Determination

The melting point of the mixed ligand and that of complexes 
were determined using the conventional techniques of the Kallen 

Clanp variable heater using the capillary tube.

The melting point of the ligand and metal complexes were de-
termined by inserting a little quantity of the sample at the sealed 
end of a capillary tube. The heater was adjusted to the high-
est heating switch and the capillary tube containing the sample 
was inserted in the middle hole of the variable heater. The initial 
temperature was observed, and the sample was viewed through 
a magnifying opening until a visible change was observed. The 
temperature at which the solid melted was read from the hold on 
display button of the variable heater. The experiment was carried 
out on the mixed ligand, the Zinc metal complex and Nickel met-
al complex. The method used to determine the melting point was 
supported by research from Dennis and Shelton [19] as well as 
Young and John’s observational studies [20].

Solubility Test

A solute is said to be soluble in a given solvent when a speci-
fied mixture of that solvent and a defined amount of a given solute 
results in a homogeneous solution [21]. The solubility of various 
metal complexes is characterized by using a variety of codes.

VS ………………...very soluble 

SS ……………….... Sparingly soluble

INS………………... Insoluble 

S …………………...soluble 

About 0.005g of solid compound was added to 2mL of solvent 
in a test tube with vigorous shaking after each addition. If all the 
solute particles dissolved to give a homogenous mixture, the com-
pound is said to be very soluble. However, if a part of the solute 
dissolved in the solvent, it is considered to be sparingly soluble. 
But if the solute remains unaffected, it is classified as insoluble.

FTIR Analysis

The sample was reduced to a fine powder and combined with a 
drop of liquid hydrocarbon. The combination was introduced into 
the IR machine between cells of potassium bromide (Kbr) and in-
side a smaller container. The machine was given instructions and 
the result of analysis was obtained. This procedure was repeated 
for the mixed ligand and Nickel (II) metal. In-depth understanding 
of FTIR analysis was provided by the works of John Coates [22], 
Raman et al. [23], and Maihub et al. [24].

 UV-VIS Analysis

A very little portion of the sample was dissolved in DMSO, 
sample was premixed to desired concentrations and a blank sam-
ple of the solvent was placed on a sample holder. UV-VIS machine 
was turned on indicated by a green blinking light. The comput-
er connected to the UV-VIS was logged onto the scan button was 
clicked on and the program was started. The wavelength ranges 
were changed, and the blank sample was first scanned using the 
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baseline button. The samples were later scanned, and the data ob-
tained was saved. Perchiammal et al. [25] and Thangadurai et al. 
[26] that used UV-VIS analysis as part of their research, served as 
an inspiration for this analysis.

Results and Discussion 

Results (Tables 1-3)

Proposed structure of the metal Complex (Figure 2)

UV-VIS Peak Findings for Mixed Ligand ( Figure 3) 

IR Peak Finding Result for Mixed Ligand( Figure 4) 

Infrared Spectral Data for Mixed Ligand ( Figure 5)

UV-VIS peak finding result for Nickel Complex (Figure 5) 

FTIR Peak Finding Result for Nickel Complex (Figure 6)

UV-VIS Peak Finding Result for Zinc Complex (Figure 7)

Table 1: Physical properties of the ligand / metal complexes.

Compounds Color Physical state Melting point(oC)

Mixed ligand Light brown Powder 280.2

Zinc complex Deep green Crystalline 285.4

Nickel complex Yellowish green Crystalline Undetermined

Squaric acid White Crystalline 300

2-amino phenol Deep brown Crystalline 174

Table 2: Solubility data of the ligand / complexes.

Compound Ethanol Methanol Diethyl ether DMSO

Mixed Ligand/ SS SS SS S

Zinc complex INS INS INS S

Nickel complex INS INS INS S

Squaric acid INS INS SS S

2-amino phenol SS S S S

Metal complexes / ligand solvents 

Table 3: selected IR vibrations of the ligand and metal complex (cm-1).

Squaric acid 2-amino phenol Ni(II)complex Zn(II)complex Assignment

3495.2 3495.2 3362.40-3438.40 3020-3466.40 Ʋ(OH)

2599.20-2940.80 _ _ _ Ʋ(H-C=O)

1643.20-1680.48 1643.2 _ _ Ʋ(C=O)

_ 3495.2 _ _ Ʋ(N-H)

_ 2940.8 _ _ Ʋ(C-H)

_ _ 1727.20-1999.20 1748.80-1803.20 Ʋ(M-H)

_ _ 604.80-670.80 682.4 ɤ (M-H)

_ _ 883.20-9720 874.4 Ʋ(M-N)

Ʋ = stretching ɤ = bending

Figure 2.
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Figure 3.

Figure 4.

Figure 5.
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Figure 6.

Figure 7.

Discussion 

The physical properties of the ligands and the metal complex-
es are presented in Tables 4.1 and 4.2. These properties include 
color, physical state, melting point, and solubility data. The physi-
cal state of the mixed ligand and complexes of Zinc and Nickel are 
crystalline. The complexes of Zinc and Nickel were found to be sta-
ble at room temperature. The melting points of the solid ranged 
from 200oC to 386OC indicating that there are strong interacting 
forces between the metals and the ligand [27]. The metal complex-
es were very soluble in dimethyl sulfoxide (DMSO) but insoluble 

in ethanol, methanol, and diethyl ether. The ligand was also very 
soluble in DMSO but sparingly soluble in ethanol, methanol, and 
diethyl other. This may be attributed to the low dielectric constant 
of DMSO. The UV spectra of the Mixed ligand show π to π* and n 
to π* transitions indicating the organic group from 2-amino phe-
nol and there were no transitions in the visible region [28]. Two 
transitions occurred at 273.0nm and 326. 5nm. The UV spectra of 
the Nickel complex did not show any possible transition in the UV 
region but showed 4 transitions between 276.5nm to 389.5 nm. 
For the zinc complex, there are 5 transitions between 275.0nm to 
389.5nm absorbance [29].
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The Infrared spectra of the Mixed ligand showed peaks indi-
cating Metal-hydrogen stretch from 2341.60cm-1 to 1840.80cm-

1, H-C=O stretch at 2940.80cm-1 to 2599.20cm-1, OH stretching 
vibration showing a broad peak between 3200cm-1 to 3400cm-1, 
N-H stretch at 3495.20cm-1, C-H stretch at 2940.80cm-1 and a 
sharp strong peak indicating a C=O stretch between 1804cm to 
1643.20cm [30].The Infrared spectra of the Nickel complex indi-
cates Metal –Hydrogen bending vibration between 800cm-1 to 600 
cm-1, Metal-Hydrogen stretching between 2230cm-1 to 1700cm-1, 
Metal-Nitrogen stretching vibration between 1020cm-1 to 875cm-

1 and Metal-Oxygen stretching between 1010cm-1 to 850cm-1 
[31,32].

Conclusion

Zinc and Nickel complexes of 3-hydroxy-4-(2-hydroxy phenyl) 
amino cyclobut-3ene-1,2-dione has been synthesized and charac-
terized based on the limited physical and spectral data, such as 
physical state, melting point determination, solubility test, UV-VIS 
spectral studies and FTIR spectral studies. There is evidence of the 
formation of a metal-ligand bond, and at room temperature, the 
solid state of both metal complexes exhibits good thermal stability.

Recommendation
 I recommend that detailed structural and chemical analysis 
should be carried out on the metal complexes. 1HNMR, 13CNMR, 
x-ray diffraction technique, thermal analysis and elemental 
analysis should be used to confirm the tentative structures 
proposed for the metal complexes in view of the fact that 
limited data was used. 
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