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Abstract 

      The (E)-4-chloro-N-(2-(dimethylamino)ethyl)-5-((8-hydroxy 

quinolin-5-yl)diazenyl)-2-methoxybenzamide azo ligand (L) has been 

synthesized through the reaction of diazonium salt for 5-amino-4-

chloro-N-(2-(dimethylamino) ethyl)-2-methoxybenzamide with 8-

hydroxyquinoline and identified azo ligand (L) using spectroscopic 

studies (FTIR, UV-Vis, 1H and 13CNMR, mass), and micro-elemental 

analysis (C.H.N). Metal chelates of Co(II), Ni(II), Cu(II), as well as 

Zn(II) have been completed as well as characterized using mass spectra, 

flame atomic absorption, elemental analysis (C.H.N), infrared, UV-Vis 

spectroscopy, as well as conductivity, magnetic measurements. The 

metal-to-ligand ratio in all complexes, as determined by analytical data, 

was 1:2 and exhibited a tetrahedral structure of the prepared complexes 

with the ligand, as the ligand is linked to the metal ions through the N 

atom of the (C=N) group and the substituted OH-group, which has lost 

its proton to form a stable five-membered ring with the 8-

hydroxyquinoline compound. Then, colors play a significant role in 

detergent stability and brightness during the dyeing of composite 

materials produced on cotton fabrics. Therefore, solid dyes exhibit 

excellent color stability and depth of texture.  

Keywords: 5-Amino-4-chloro-N-(2-(dimethylamino)ethyl)-2-

methoxybenz-amide, Azo dyes, Dyeing performance, Textile industry. 

  

1. Introduction  

Azo dyes are a significant class of dyes utilized in a wide range of technological and scientific 

applications, accounting for over half of all dyes and commercial colors1,2. Research has also 

focused on azo dyes containing heterocyclic rings due to their distinct properties3. The use of 

heterocyclic rings as coupling components has enabled the development of dyes with strong 

chromophores, vivid colors, and high levels of dyeing and fastness properties4. Azo compounds 

are becoming increasingly important in the future as they are considered among the most 

productive dyes (more than 60%)5. Disperse dyes are renowned for their luster, colorfastness, 

and durability, as well as their economic and environmental benefits when used in dyeing 

polyester fabrics6,7. A surfactant is used to disperse water-dispersed dyes, which are limited in 

solubility, before they are applied to polyester fabrics8,9. Metal azo complexes have made 

significant contributions to the development of drugs, particularly anticancer drugs. These 

complexes represent novel, low-cost compounds with a broad range of antimicrobial, anti-

inflammatory, and anticancer activities10,11. The organic compound 8-hydroxyquinoline is of 

great importance in applications due to its ability to bind various metal ions, serving as a 

disubstituted ligand12,13. The current study aims to design and synthesize azo compounds, along 

with Co(II), Ni(II), Cu(II), and Zn(II) compounds from (E)-4-chloro-N-(2-(dimethylamino) 
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ethyl)-5-((8-hydroxyquinolin-5-yl)diazenyl)-2-methoxybenzamide. These compounds are 

characterized using various physicochemical methods. No doubt, the applied sciences have 

significant industrial applications. 

 

2. Materials and Methods 

2.1. Instrumentation  

At the University of Basra in Iraq, 13C and 1H NMR spectra were obtained on a Bruker 400 MHz 

UltraShield spectrometer. Dimethyl sulfoxide (DMSO) was used as the solvent, while 

tetramethylsilane was used as the reference. The conductivity of the prepared compounds 

dissolved in ethyl alcohol at a concentration of 10-3 M was measured at 25 degrees Celsius with a 

Philips PW-Digital Conductance meter. For micro elemental analysis (C.H.N), an Eurovector EA 

3000, version 3.0, has been appointed. Scientists enhanced the magnetic properties using 

Sherwood’s Auto Magnetic Susceptibility measurement at 25 degrees Celsius. Atomic 

absorbance was assessed with a Shimadzu A.A-160 A Atomic Absorption/ Flame Emission 

Spectrophotometer. The UV-visible spectrum was recorded using a UV-Vis-160A 

spectrophotometer. Infrared spectra of the samples were recorded as KBr disks and analyzed 

using a Shimadzu FTIR-8400S Fourier Transform Infrared Spectrophotometer over the range of 

4000-400 cm-1. Mass spectrometry measurements were taken using a Shimadzu (E170 EV) 

Spectrometer, and melting points were determined employing a Stuart Melting Point Apparatus.  

2.2. Materials and reagents 

All for chemicals CoCl2.6H2O, NiCl2.6H2O, CuCl2.2H2O also ZnCl2 have been supplied from 

B.D.H, while 5-amino-4-chloro-N-(2-(dimethylamino)ethyl)-2-methoxybenzamide also 8-

hydroxyquinoline obtained from Merck.  

2.3. Preparation of the ligand  

The 5-amino-4-chloro-N-(2-(dimethylamino) ethyl)-2-methoxybenzamide14 (0.678 g, 1 mmol), 

which was dissolved in a mixture consisting of (10 mL C2H5OH, 2 mL conc. HCl), was also 

denitrified at 5°C utilizing a 10% solution of NaNO2. After adding the diazotized collyrium 

solution, the mixture was stirred in a cold ethanolic solution (0.362 g, 1 mmol) of 8-

hydroxyquinoline. After that, 25 mL of a solution (1M NaOH) has been added to the dark-

coloured mixture, and the formation of the azo compound is noticed through its precipitation. 

After filtering the sediment, it is washed with a large volume of (1:1) C2H5OH: H2O, after which 

the sediment is left to dry. The reaction is shown in Scheme 1. 

    
Scheme 1. Preparation steps for azo ligand (L) 
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2.4. Preparation for metal chelates 

EtOH solution from ligand (0.854 g, 2 mmole) containing (0.08 g, 2 mmol NaOH), added a drop 

of the wisdom of stirring, to 0.237, 0.237, 0.170, also 0.136 g from CoCl2.6H2O, NiCl2.6H2O, 

CuCl2.2H2O, also ZnCl2, resolved on aqueous solution (pH=7). The mixture is cooled until the 

precipitate turns dark, then filtered and washed with several ounces of a 1:1 H2O: C2H5OH 

mixture. Scheme 2 shows the preparation technique, along with its physical features, C.H.N. The 

analysis is presented in Table 1. 

 
Scheme 2. Proposed structure from metal (II) compounds of azo ligand (L)  

 
Table 1. Physical features into azo ligand also metal chelates 

Compounds Color M.P°C Yield% 
Analysis Calc (Found) 

M% C% H% N% 

Ligand(L) Deep brown 220-222 87 - 
58.94 

(57.93) 

5.14 

(4.91) 

16.37 

(15.92) 

[Co(L)2].H2O Brown 300-302 82 
6.34 

(6.13) 

54.19 

(53.93) 

4.73 

(4.07) 

15.05 

(14.88) 

[Ni(L)2].H2O Reddish brown >360 80 
6.24 

(6.03) 

54.25 

(53.45) 

4.73 

(4.09) 

14.06 

(14.91) 

[Cu(L)2].H2O Pal brown 320-322 85 
6.84 

(5.93) 

53.90 

(52.95) 

4.70 

(4.12) 

14.97 

(13.85) 

[Zn(L)2].H2O Brown 280-282 81 
6.94 

(5.68) 

53.84 

(52.91) 

4.70 

(4.03) 

14.95 

(13.92) 

 

2.5. Dyeing process  

Chemicals are applied to cotton fibers, which are available in dyeing grades that provide a 1% 

shade variation. The fabric dyeing process takes 1 hour at temperatures between 15 and 20 °C, 

with a pH of 10. 

 

3. Results  

The association of the azo ligand (L) with 5-amino-4-chloro-N-(2-(dimethylamino)ethyl)-2-

methoxybenzamide for diazotization is suitable for alkaline conditions in terms of performance. 

Spectroscopic studies and elemental analysis were performed on the prepared ligand. Solid 

complexes were produced by reacting a ligand dissolved in ethanol with metal ions dissolved in 

a buffer solution (pH= 7) at a ratio of (metal: ligand) = 1:2. The experimental results from both 

elemental analysis and metal content measurements closely matched the calculated theoretical 
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values. The conductivity of ligands, as well as of metal chelates dissolved in ethanol (10-3 

mol/L), is of the non-electrical type15, as shown in Table 2. 

 

3.1.NMR spectra 

Figures 1 and 2 show the ¹H, ¹³CNMR spectra of the ligand (L), which display multiple 

chemical shifts. 

 
Figure 1. The 1HNMR spectrum for azo ligand (L) 

 

 
Figure 2. The 13 CNMR spectrum for azo ligand (L) 

 

3.2. Mass spectra 

From the mass spectrometric analysis of the azo ligand (L), the peak was observed at m/z = 

427.5, which is also due to the formula C21H22N5O3Cl. For a summary of the general pattern of 

segmentation according to Scheme 3 and Figure 3. The complexes appeared in mass spectra as 

peaks centered at m/z= 912, 911, 917, and 918, corresponding to the formulas 

[C42H42N10O6Cl2Co], [C42H42N10O6Cl2Ni], [C42H42N10O6Cl2Cu], and [C42H42N10O6Cl2Zn], 

respectively. Based on the general segmentation pattern, the summary is based on Schemes 4-7 

and Figures 4-7.  
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Scheme 3. Retail style for azo ligand (L) 

 

 
Figure 3. Mass spectrum for azo ligand (L) 

 

 
Figure 4. Mass spectrum for [Co(L)2].H2O complex 
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Figure 5. Mass spectrum for [Ni(L)2].H2O complex 

 

 
Figure 6. Mass spectrum for [Cu(L)2].H2O complex 

 

 
Figure 7. Mass spectrum for [Zn(L)2].H2O complex 
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Scheme 4. Retail style for [Co(L)2].H2O complex 

 

 
Scheme 5. Retail style for [Ni(L)2].H2O complex 

 



IHJPAS. 2026; 39(1): 205-217 
 

212 

 
Scheme 6. Retail style for [Cu(L)2].H2O complex 

 

 
Scheme 7. Retail style for [Zn(L)2].H2O complex 
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3.3. Electronic spectra 

The UV-Vis spectra of the prepared complexes, resolved in ethyl alcohol (10-3 mol/L), were 

measured, along with the compositional data listed in Table 2.  
Table 2. Electronic spectrum data with compounds, magnetic properties as well molar conductivity on ethanol 

(1×10−3 M) 

Compounds 
λ 

nm 

ύ 

cm-1 ABS 
ɛ  

L.mol-1cm-1 
Assignment 

Ʌ 

S.cm2 mol-1 

µeff 

B.M 

Ligand(L) 
244 

430 

40983 

23255 

1.510 

1.200 

1510 

1200 

π- π*

 
n- π*

 
- - 

[Co(L)2].H2O 

250 

487 

757 

861 

982 

40000 

20533 

13210 

11614 

10183 

0.700 

0.780 

0.005 

0.006 

0.036 

700 

780 

5 

6 

36 

Intra ligand
 

C.T 
4A2(F → 4T1(p)

 

4A2(F → 4T1(F) 
 4A2(F)→ 4T2(F) 

7.82 4.68 

[Ni(L)2].H2O 

260 

319 

507 

732 

852 

888 

38461 

31347 

19723 

13661 

11737 

11261 

0.850 

0.360 

1.210 

0.007 

0.007 

0.051 

850 

360 

1210 

7 

7 

51 

Intra ligand
 

Intra ligand
 

C.T 
3T1(F)→ 3T1(P) 
3T1 (F)→ 3A2(F) 
3T1(F)→ 3T2(F) 

5.65 3.90 

[Cu(L)2].H2O 

258 

327 

469 

962 

38759 

30581 

21321 

10395 

1.290 

0.580 

0.940 

0.007 

1290 

580 

940 

7 

Intra ligand
 

Intra ligand
 

C.T 
2T2 → 2E  

 

6.05 2.07 

[Zn(L)2].H2O 
245 

453 

40816 

22075 

1.280 

0.840 

1280 

840 

Intra ligand
 

C.T 
9.35 Dia 

 

3.4. FTIR spectra 

From summing the FTIR spectrum of the azo (L) bond, as well as metal chelates, with the 

tabulation of the data in Table 3. 
Table 3. Infrared spectroscopic information of azo ligand (L) also its metal chelates (cm-1) 

Compounds (OH)+ (H2O) (C=O)+ (C=N) (C=C)+ (N=N) (M-N)+ (M-O) 

Ligand(L) 
3350 br. 

- 

1633 sh. 

1591 sh. 

1560 s. 

1544 s. 

1467 sh. 

- 

[Co(L)2].H2O 
- 

3356 br. 

1639 sh. 

1575 s. 

1552 sho. 

1544 sho. 

1462 sh. 

536 w. 

468 w. 

[Ni(L)2].H2O 
- 

3400 br. 

1635 s. 

1575 sh. 

1552 s. 

1545 sho. 

1467 sh. 

536 w. 

470 w. 

 

[Cu(L)2].H2O 
- 

3385 br. 

1633 sh. 

1581 sh. 

1556 sho. 

1544 s. 

1467 sh. 

491 w. 

445 w. 

[Zn(L)2].H2O 
- 

3408 br. 

1633 sh. 

1573 sh. 

1556 s. 

1544 sho. 

1469 sh. 

532 w. 

472 w. 

      r = broad, sh = sharp, s = strong, w = weak, sho =shoulder. 

 

3.5. Dyeing performance 

The finished chemicals that dye cotton fabrics have already been determined. The brightness and 

stability of a cleaner depend on its colors. Therefore, solid dyes exhibit excellent color stability 

and texture depth. The coloring is illustrated in Figure 8. 
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Figure 8.  Textile dyeing utilizing azo ligand also metal chelates 

 

4. Discussion  

4.1. NMR spectra 

The 1HNMR spectrum at ligand (L), which shows multiple chemical shifts in the range (δ= 

6.493-8.467 ppm) due to the protons of the benzene ring16. The spectrum also showed shifts on 

(δ= 9.256 ppm as well as (δ= 8.710 ppm) because the protons at hydroxyl and amine groups, 

respectively17. The shifts at (δ= 2.687, 3.075 ppm as well (δ= 2.293 ppm) are due to δ(2CH2) as 

well δ(2CH3), as well as the shifts at (δ= 3.477 ppm), (δ= 2.50 ppm) also (δ= 3.914 ppm) are 

because δ(OCH3), DMSO-d6 and DHO, respectively18. The 13CNMR spectrum for ligand (L) 

showed signals on δ= 46.57 ppm as well δ= 51.25 ppm because the carbons of the methyl groups 

δ(CH3) and δ(OCH3) respectively. Signals on (δ= 36.78 ppm as well as (δ= 56.47 ppm) are due 

to the carbon of the ethylene group δ(CH2CH2). The spectrum also showed shifts in the range (δ= 

147.45-111.77 ppm) due to the carbon at aromatic rings, while the shifts on (δ= 163.70, 156.73, 

151.91, 148.63 ppm are because the carbon on carbonyl group (C=O), methoxy (C-OCH3), 

hydroxyl (C-OH), and (C=N), respectively. The shift at (δ = 40.12 ppm) is due to DMSO-d619,20.  

4.2. Electronic spectra 

Intense absorption peaks of the azo ligand from the spectrum width at 244 and 430 nm, which 

were assigned to the electronic transition (π-π*) as well as (n-π*)21. CoII spectrum appears two 

peaks on 250 as well 487 nm back to intra ligand also charge transfer, peaks at 757, 861 also 982 

nm which were specified unto electronic transition type 4A2(F)→
4T1(P),

 4A2(F)→
4T1(F) as well as 

4A2(F)→
4T2(F) respectively, also magnetic moment value at 4.68 B.M this would be further 

evidence from tetrahedral geometry22. The NiII complex exhibited peaks at 260, 319, and 507 

nm, which were attributed to intra-ligand and charge-transfer transitions. Other peaks at 732, 

852, and 888 nm lead to electronic transition type 3T1(F) →
 3T1(P)

 , 3T1(F) →
 3A2(F)  as well as               

3T1(F) → 3T2(F). The magnetic moment at the compound was found to be 3.90 B.M that was closer 

unto tetrahedral environment23. The spectrum of the CuII complex showed peaks at 258, 327, and 

469 nm attributed to intra-ligand and charge transfer. Peak on 962 nm, which has been assigned 
2T2→

2E, The magnetic moment for the complex was 2.07 BM, which is closest to that of a 

tetrahedral environment24. The electronic spectrum of the ZnII complex shows charge-transfer 

bands, and the magnetic susceptibility indicates that the complex is a diamagnetic, because d-d 

transitions are not possible; hence the electronic spectrum did not yield fruitful information. In 

fact, this result is in agreement with previous work on tetrahedral geometry25. 

4.3. FTIR spectra 

The ligand spectrum showed an absorption band at 3350 cm-1 because of the vibrational 

frequency of the υ(OH) group. Disappearance of this group in the spectra of the prepared 

complexes is clear evidence of the occurrence of coordination with the metal ion26. The ligand 

also showed a sharp and high-intensity band at 1633 cm-1, which is due to the stretching 

Ligand(L) [Co(L)2].H2O 

 

[Ni(L)2].H2O [Cu(L)2].H2O [Zn(L)2].H2O 
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frequency of the (C=O) group. This band did not exhibit any noticeable change in the spectra of 

the prepared complexes, indicating that it does not participate in the coordination process with 

the metal ion27. The band at 1591 cm-1 in the ligand spectrum is due to the vibrations of the 

(C=N) group. This band has undergone numerous changes in position and intensity within the 

complex spectra, in addition to occasional splitting or the appearance of shoulder bands beside it 

as it shifted towards a lower frequency, which is believed to be one of the coordination sites with 

the metal ion28. The spectrum of the ligand showed bands at 1544, 1560 cm-1, and 1467 cm-1, 

which are attributed to the (C=C) group and the bridging azo group (N=N), respectively. 

These bands did not show any noticeable changes in the spectra of the prepared complexes, 

indicating that they do not coordinate to the metal ion29. All compounds exhibited new bands in 

the region (445-536) cm-1, which are due to the  (M-O) as well as  (M-N) bond vibrations. 

Their appearance is attributed to coordination between the metal and the nitrogen in the group 

(C=N), as well as the oxygen in the phenol group after losing a proton to the                                       

8-hydroxyquinoline30,31. The prepared complexes also exhibited new bands in the region (3356-

3408) cm-1, which are attributed to the stretching frequency of hydrate water32. 
 

5. Conclusion  

To summarize, this study involved using an azo ligand to form coordination complexes with 

Co, Ni, Cu, and Zn ions. Various methods, including melting point determination, conductivity 

measurements, magnetic properties, and spectroscopic analysis (13C and 1H NMR, UV-Vis, 

FTIR, and mass spectrometry), were employed to characterize the ligand and its complexes. The 

analytical and spectroscopic results indicated the tetrahedral shape of the prepared complexes 

with the ligand, as the ligand is linked to the metal ions through the N atom of the (C=N) group 

and the substituted OH- group, which has lost its proton to form a stable five-membered ring 

with the 8-hydroxyquinoline compound. The dyeing abilities were tested, revealing that both the 

ligand and its complexes demonstrated vigorous activity.  
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