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 The researchers wanted to make a novel azo imidazole as a follow-up to 
their previous work. We focused on the ligand 4-[(2-amino-4-phenylazo)-
methyl]-cyclohexane carboxylic acid as a derivative of trans-4-
(aminomethyl) cyclohexane carboxylic acid diazonium salt, synthesized a 
series of its chelate complexes with metal ions, and characterized these 
compounds using a variety techniques, including elemental analysis, FT-
IR, LC-Mass, NMR and UV-Vis spectral process as well TGA, conductivity 
and magnetic quantifications. Analytical data showed that the Cr(III), 
Mn(II) and Zn(II)  complexes out to 1:1 metal-ligand ratio with octahedral 
geometry except Mn complex has tetrahedral geometry. 
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Introduction 

Azo dyes represent the largest production volume 

of dye chemistry today, and their relative 

importance may even increase in the future. They 

play a crucial role in the governance of the dye and 

printing market [1]. Azo dyes are an important 

class of organic chemicals containing at least one 

azo chromophore (-N=N-), which gives the color 

for this famous type of dyes [2]. In general, the 

chemical structure of an azo dye is represented by 

a backbone, the auxochrome groups, the 

chromophoric groups. The color of the azo dyes is 

determined by the azo bonds and their associated 

chromophores and auxochromes [1]. It has been 

estimated that more than 50% of all dyes in 

common use are azo dyes because of their 

chemical stability and versatility [3]. Azo dyes do 

not occur in nature and get synthesized by the 

reaction of an aryl diazonium salt with an 

aromatic amine or a phenol [4]. It has also been 

estimated that more than 50% of all dyes in 

common use are azo dyes because of their 

chemical stability and versatility [3]. They 

constitute more than half of the dyes used today. 

They differ in the degree of their complexity, 

according to the number of the azo groups and the 

number and nature of the oxochrome groups 

found there [5,6]. The azo group may be bonded to 

benzene rings, naphthalenes, aromatic 

heterocycles or to enolizable aliphatic groups. 

These are essential to give the color of the dye, 

with their shades of different intensities [1,5]. 

Materials and Methods 

All chemicals and reagents were purchased 

commercially (Sigma-Aldrich, Merck, and others) 

and used as-is. To conduct elemental studies (C, H, 

and N), the single-V Euro vector model EA/3000. 

3.O-single was utilized. Using a gravimetric 

approach, metal ions were calculated as metal 

oxides. The conductometer WTW was used to 

measure the molar conductance of the complexes 

at a temperature of 25°C and a concentration of 

1103 M. To dissolve all of the complexes, 

dimethylformamide (DMF) was utilized. QP50A: 

DI Analysis on a mass spectrometry (MS) Mass 

spectra for compounds were obtained using a 

Shimadzu QP-2010-Plus (E170Ev) spectrometer. 

The UV–Vis spectrophotometer UV-1800 

Shimadzu was used to analyze spectra in the 

ultraviolet–visible (UV–Vis) range, and the proton 

nuclear magnetic resonance (1H-NMR) spectrum 

for ligand in DMSO-d6 was recorded using a 

Brucker 400 MHz. The Fourier transform infrared 

(FTIR) spectra were studied using the IR Prestige-

21, and thermo gravimetric investigations were 

conducted using the Perkin-Elmer Pyris Diamond 

TGA. 

Synthesis of azo dye ligand: 4-[(2-amino-4-

phenylazo)-methyl]-cyclohexane carboxylic acid 

P-amino hippuric acid (0.194 g, 1 mmole) melted 

in a mixture (5ml ethanol, 3ml HCl conc.), and was 

diazotized at 5°C with 10% solution of NaNO2. For 

3-aminophenol, a diazotized solution was added 

with stirring to a cooled ethanolic solution at 

(0.109 g, 1 mmole). Then after mixing directly, a 

dusky colored mix and azo ligand precipitation 

was seen. This deposit was filtered, washed a 

number of ounces for a (1:1) (C2H5OH: H2O) 

mixture, and then dried. Scheme 1 depicts the 

reaction. 

General method for the preparation of metallic ions 

complexes 

Azo ligand dissolved (0.317 g, 1 mmol) in 10 mL 

pure ethanol was gradually added in drops wise 

with stirring a stoichiometric to (0.267 g, 1 mmol) 

quantity of [2:2] M:L for Cr(III) chloride salt 

dissolved in 5 mL hot Ethanol and the same 

amount of ligand was added to (0.198g, 1m.mol) 

and (137 g, 1 mmol) quantity of [2:2] M:L for 

Mn(II) and Zn(II) chloride salts, respectively 

dissolved in 5 mL hot Ethanol. The mixture of all 

complexes was heated to 65 °C for 2.5 hours, then 

cooled in an ice bath until precipitated, then left 

overnight, as depicted in Scheme 1. The solid 

complexes were separated and rinsed with 

distilled water and a small amount of heated 

ethanol to eliminate any unreacted components. 

Finally, vacuum desiccators were used to dry the 

complexes. The analytical and physical properties 

of the ligand and its metal complexes are 

summarized in Table 1. 
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Scheme 1: Synthesis of azo dye ligand and its complexes 

 

Result and discussion 

Physical and chemical properties of azo dye ligand  

This amorphous appearance, which takes the 

shape of a fine brown powder, distinguishes the 

azo dye ligand (LH2). This synthesis ligand is water 

and DMSO soluble; however, it is only sparsely 

soluble in Ethanol. In the presence of air, the 

metallic ion and azo ligand complexes remained 

stable. 

Table 1: Physical properties & analytical data of ligand & their complexes 

Compounds 
Chemical Formula 

)1-g.mol(M.Wt  
Color 

m.p. 

(°C) 

Elemental Compositions% 

C 

Found 

H 

Found 

N 

Found 

O 

Found 

Cl 

Found 

M 

Found 

C  Calc H  Calc. N Calc. O Calc. Cl Calc. M Calc. 

2LH 
4O4N14H 15C 

314 
Brown 280 

56.51 3.41 18.71 21.29 - - 

57.32 4.46 17.83 20.38 - - 

]2L2O)2(H2Cl2[Cr 
C30H28Cl2N8O10Cr2 

835 

Light 

green 
285 

44.52 2.21 15.01 18.99 9.38 13.21 

43.11 3.35 13.41 19.16 8.50 12.46 

]2L2[Mn 
C30H24N8O8Mn2 

734 

Dark 

green 
290 

50.50 2.91 16.83 15.80 - 13.78 

49.05 3.27 15.26 17.44 - 14.99 

[Zn2Cl4L2] 
C30H24Cl4N8O8Zn2 

897 

Deep 

Brown 
297 

39.22 3.71 13.73 12.92 14.01 13.45 

40.13 2.68 12.49 14.27 15.83 14.58 

1H-NMR spectra 
1H-NMR spectra of the ligand’s revealed a peak at 

δ: 1.38 ppm, which was attributed to chemical 

shifts of N=N–CH2. The multiple signals were 

observed at δ: 2.69 ppm for ligand; these were 

referred to CH2-COO proton in cyclohexane ring. 

The NH2 group appears as singlet at 4.61 ppm. The 

different peaks at 6.82–7.56 ppm are attributed to 

the aromatic protons of benzene groups. The 

proton (OH) of the carboxyl group COOH is 

responsible for the singlet signal at 11.49 ppm 

[7,8]. 
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Electronic spectra measurements 

Table 2 and Figure 1 show the UV–Vis spectra of 

the ligand LH2 and one of its complexes. The 

n⟶π* transition of the (N=N) azo group in the 

free ligand produced a peak with a high intensity 

band with absorption maxima at (302 nm, 

33112.5 cm−1) and two peaks at 330 and 426 

ascribed to the n⟶π* transition of the (N=N) azo 

group in the free ligand [9]. These peaks were 

shifted in all metal complex spectra, indicating 

that the azo group was involved in coordination 

[10]. Spin transitions at 360, 465, and 651 nm 

were seen in the electronic spectrum of Cr(III) 

complex due to 4A2g → 4T1g (P) (ν3), 4A2g → 4T1g 

(F) (ν2), and 4A2g → 4T2g (F) (ν1), respectively, 

indicating an octahedral geometry of the complex. 

The magnetic moment of the complex was 

weighed at room temperature to be 3.61 B.M., 

which is close to the spin alone value, implying an 

octahedral geometry around the chromium ion 

[11]. The spectrum of [Mn(LH)2] complex 

exhibited bands at;21505, 25000 and 34722cm−1 

attributed to 6A1→4T1(G) and6A1→4T2(G) transitions 

beside ligand field band, respectively [12,13]. 

Because d-d transitions are not feasible, electronic 

spectra did not provide any useful information, 

and the magnetic susceptibility of the Zn(II) 

complex showed that it contains diamagnetic 

moments. In DMSO solution, electronic spectra of 

the produced azo-dye ligand and its metal 

complexes in the wavelength range 200–1100 nm 

(1 × 10−3 M) [8,14,15]. 

 
Figure 1: a-Electronic spectra of A-azo ligand b- Electronic spectra of Cr complex 

 

Table 2: Electronic spectral data and molar conductivity of metal complexes with LH2 ligand in DMSO (1 × 10−3 

M) 

Complexes 

Geometry 

maxλ 

(nm) 
υ (cm-1) ABS 

ε max L 

(mol-1cm-1) 
Assignment 

2cm mʌ 
1-mol1-Ω 

 

LH2 

302 

330 

426 

33113 

30303 

23474 

0.248 

0.235 

0.204 

248 

235 

204 

* 

n* 

n* 

 

- 

[Cr2Cl2(H2O)2L2] 

Octahedral 

 

280 

470 

660 

35714 

21277 

15152 

0.060 

0.170 

0.025 

60 

170 

25 

* 

C.T. 
2A1g⟶2T1g 

 

22 

[Mn2L2] 

Tetrahedral 

 

285 

420 

480 

35088 

23810 

20833 

0.131 

0.198 

0.220 

131 

198 

220 

* 

6A1→4T2(G) 
6A1→4T1(G) 

 

20 

 

[Zn2Cl4L2] 

Octahedral 

286 

342 

495 

34965 

29240 

20202 

0.120 

0.196 

0.211 

120 

196 

211 

* 

C.T. 
17 

 

Liquid chromatography–mass spectrometry (LC–

MS) measurements 

The electron impact of fragmentation was used to 

acquire mass spectra of the novel ligand and metal 

complexes. In general, high-resolution MS was 

obtained of the free azo ligand and its complexes, 
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as well as large fragments associated with 

breakdown products. Figure 2 depicts the electron 

impact mass spectrum of the ligand LH2. This 

ligand's molecular weight is calculated to be 

277g/mol. The spectra showed a peak at 276 m/z, 

which was ascribed to [M]+ and corresponded to a 

novel azo moiety C14H19N3O3. Other distinctive 

peaks at 137, 84, and 55 m/z could be attributed 

to different fragments. Their intensity indicates 

the stability of fragments [16]. Figure 3 depicts the 

mass spectrum of the Cr(III) complex. A peak at 

835 m/z was found in the spectra, which 

corresponded to the complexmoiety 

[C30H28Cl2N8O10Cr2]. Other distinctive peaks at 

299, 269, 149 and 123 m/z could be attributed to 

different components. Figure 4 depicts the mass 

spectrum of the Mn(II) complex. The compound 

moiety C30H24N8O8Mn2 was identified by a peak at 

734 m/z in the spectra. Other distinctive peaks at 

278, 251 and 212 m/z could be attributed to 

different fragments. Figure 5 depicts the electron 

impact mass spectrum of the Zn(II) complex. The 

complexmoiety C30H24Cl4N8O8Zn2 had a peak at 

897 m/z, which corresponded to this moiety. 

Other distinctive peaks at 314, 313, 149, and 123 

m/z could be attributed to other fragments. 

Suggested fragmentation routes and structural 

assignments of fragments are described in 

Schemes 2–5 [8]. 

 
Figure 2: (LC–MS) spectrum of ligand 

 

 
Figure 3: (LC–MS) spectrum of Cr complex 
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Figure 4: (LC–MS) spectrum of Mn complex 

 

 
Figure 5: (LC–MS) spectrum of Zn complex 

 

 
Scheme 2: Fragmentation pattern of ligand 
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Scheme 3: Fragmentation pattern of Cr complex 

 

 
Scheme 4: Fragmentation pattern of Mn complex 

 

 
Scheme 5: Fragmentation pattern of Zn complex 



 Al-Daffay R.K.H., et al./ Chem. Methodol., 2022, 6(7) 507-521 

514 | P a g e  

Infrared spectra measurements 

FTIR data was used to determine the functional 

groups in molecules (especially organics), and it 

can provide indications for the creation of 

complexes in some cases, where coordination 

occurs through the changing of functional group 

frequencies, which have the donating atom. The 

spectra of azo ligands and their metal chelates 

complexes with Cr(III), Mn(II) and Zn(II) were 

gathered and organized in Table 3. Spectrum of 

the ligand exhibited bands at 3429 and 3275 cm-1, 

which were assigned to stretching vibration of 

υ(NH2), at the spectra of all produced compounds 

these bands, has been removed to lower frequency 

implying the coordination with metal ion [16]. The 

(N=N) stretching vibration was given to the band 

found at 1454 cm−1 [17] in the unbound azo ligand 

(LH2). This band was discovered in the 

compounds' spectra around 1477-1495 cm−1. The 

azo group of the azo ligand shifting confirmed that 

the azo group was involved in chelation [17,18]. 

Also, from the previous research it is concluded 

that the azo-dye nitrogen is always more likely to 

prefer complexation in the presence of transition 

metals [19]. Because of the presence of 

coordinated water molecules in the 

Cr(III)complex, it was difficult to confirm that this 

group was involved in chelate formation. The 

presence of coordinated water molecules in the 

coordination sphere was attributed to the 

occurrence of OH bands in the IR spectrum of the 

Cr(III) complex in the 3381 cm−1, respectively. In 

addition, stretching vibrations in the range (833, 

770 cm−1) were found to correspond to v (M-OH2). 

This is strong evidence that water molecules are 

involved in the coordination. For the unbound 

ligand, the IR spectra revealed a large stretching 

vibration band at 3462 cm−1, which could 

correlate to the phenolic group's OH [20]. This 

band suffers little displacement because it is not 

coordinated. When examining the spectra of all 

complexes by comparison with the free ligand, we 

found new bands that appeared only in the 

prepared complexes, which confirmed their 

successful preparation. Three bands were 

assigned to ν(M–N), ν(M–O) and ν(M–Cl) in the 

Cr(III) and Zn(II) complexes. Two bands were 

assigned to ν(M–N) and ν(M–O) in the Mn(II) 

complex [17,21,22]. Finally, it is concluded from 

the IR spectra of all prepared compounds that the 

azo-dye ligand coordinated to the metal ions 

through three sites nitrogen site of the azo group, 

amidic carbonyl and deprotonation of primary 

amineand oxygen site carboxylic acid group 

[17,22,23]. Therefore, the ligand behaved as a 

N,N,O,O tetradentate ligand in the Cr(III), Mn(II) 

and Zn(II)  complexes. The spectrum of the ligand 

shows sharp absorption band at 1551 cm-1 due to 

ν(C=O) of carboxylic group. In the produced 

complexes spectra, it is noticed with a slight 

modification in form, they moved to higher 

frequencies 1517-1676 cm-1. These variances 

point to hydrogen bonding between the carboxylic 

group's C=O and the orthogonal OH group. The azo 

group was shifted toward lower frequencies in 

their complexes spectra, and the primary amine 

group appeared within the (3377-3145) cm-1 

region. These findings can be explained by the 

participation of NH2 &azo- nitrogen in 

coordination with metallic ions, as seen in 

complexes spectra [8, 17-19, 24-28]. 

Thermal measurements 

Figures 6, 7 and 8 show the TG and DTG results of 

heat breakdown of the ligand LH2 and associated 

metal complexes. Table 4 contains information on 

the thermal degradation process. The prepared 

compounds showed a decomposition in the 

thermogravimetric decomposition curve, where 

the ligand's thermal stability was poor at 50°C, 

similar to the little stability complexes in the range 

of (135, 100 and 30°C) for Cr(III), Mn(II) and 

Zn(II) complexes, respectively, indicating the 

presence of water molecules only in the Cr(II) 

complex, whether water hydrate or aqua. Table 4 

shows the findings of the study. Mn(II) decompose 

in two stages with an unbroken residue, while the 

ligand decomposes in three stages with an 

unbroken residue. The Cr(III) and Zn(II) 

complexes disintegrate in one stage with an 

unbroken residue. This is in line with the 

calculated values and the formula recommended 

[29-33]
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Table 3: The free ligand and its complexes' IR spectrum bands (cm-1) 

Comp. 

υ
O

H
 p

h
e

n
o

lic 

υ
 (N

H
) 

υ
 

(N
H

2 ) am
in

e 

Υ
 (N

=
N

) 

Υ
co

 am
id

e
 

υ
C

O
 

(C
O

O
-) assy

. 

υ
C

O
 

(C
O

O
-) sy

m
. 

Δ
υ

 

υ
(H

2 O
) 

C
o

o
rd

. 

Other bands 

LH2 

3
4

2
1

 

- 

3
3

9
3

 

2
9

3
7

 

1
4

5
4

 

1
6

2
2

 

1
5

5
1

 

1
3

9
7

 

1
5

4
 

- - 

[Cr2Cl2(H2O)2L2] 

3
4

2
0

 

3
3

7
7

 

- 

1
4

7
7

 

1
6

3
5

 

1
5

7
6

 

1
3

6
4

 

2
1

2
 

3
3

8
1

 

8
3

3
 

7
7

0
 

υ M-N(568,525) 

υ M-O(474,420) 

υ M-Cl(376,340) 

[Mn2L2] 

3
4

2
2

 

3
3

5
9

 

- 

1
4

9
5

 

1
6

4
0

 

1
6

1
7

 

1
3

2
2

 

2
9

5
 

- 

υ M-N(568,544) 

υ M-O(478,456) 

[Zn2L2Cl4] 

3
4

1
0

 

3
1

4
5

 

- 

1
4

7
8

 

1
7

2
6

 

1
6

4
9

 

1
3

6
6

 

2
8

3
 

 

υ M-N(579,540) 

υ M-O(461,441) 

υ M-Cl(385,345) 

 

 
Figure 6: Thermogravimetry of Ligand 
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Figure 7: Thermogravimetry of Cr complex 

 

 
Figure 8: Thermogravimetry of Mn complex 
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Figure 9: Thermogravimetry of Zn complex 

 

Table 4: Thermal decomposition of Ligand and its complexes 

Compound 
Thermogravimetric 

range °C 

DSC 

max °C 

% Estimated (calculated) 

Assignment 
Mass loss 

Total 

mass loss 

(LI) 

50-170 

170-241 

241-389 

389-600 

83.3(Endo) 

262.2(Exo) 

299.5(Exo) 

390(Endo) 

500(Exo) 

7.3(6.5) 

7.33(5.8) 

43.6(45.8) 

9.5(9.7) 

32.13 (32.22) 

92.53 

(93.52) 

-H2O 

-NH2 

-C7H11O2 

-CHN 

[Cr2Cl2(H2O)2L2] 
30-120 

120-595 

89.1(Endo) 

198.9(Endo) 

309.5(Endo) 

560(Exo) 

91.47(91.86) 

8.53(8.14) 

91.47 

(91.86)  

-2H2O+C30H20N8O5Cr 

-CrO 

[Mn2L2] 

100-330 

330-438 

438-593 

254.5(Endo) 

284.9(Endo) 

438(Exo)  

81.29(80.65) 

19.53(19.35) 

 

100.8 

(100) 

-C30H24N8O6 

-2MnO 

[Zn2Cl4L2] 30-595 

209.9(Endo) 

309.5(Endo) 

473.0(Exo) 

560.0(Exo)  

86.98(86.39) 

13.02(13.61)  

86.98 

(86.39) 

-

C30H24Cl4N8O6(0.5ZnO) 

-1.5ZnO 

Conclusion 

Many researchers have been interested in 

preparing these compounds and studying their 

properties and effectiveness, particularly the 

differences between the aromatic rings attached 

to the nitrogen atoms of the azo group, which may 

be acidic, basic, or both, and the distribution of 

compensated groups at different sites in the 
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aromatic ring relative to the azo group, such as the 

hydroxyl group if attached at the ortho site, which 

has more importance due to the azo group. 

Orthohydroxy azo chemicals fall into this category. 

We were attempting to synthesize a new azo 

ligand that contains numerous consistency sites 

and three new chelates complexes with some 

metallic ions, as well as characterize the ligand 

and its complexes using various approaches. In 

this study, which focused on the production of 

new azo compounds, fourier transform infrared 

(FT-IR), 1H-NMR spectrum characterization, and 

CHN elemental analysis were used to validate all 

of the synthesized azo compounds. 
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