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Abstract  

      A fabricated Azo ligand (E)-1-[4-(3,4-dichloro-2-hydroxyphenyl) 

diazenyl] phenylethan-1-one was produced by a coupling reaction 

between diazonium salt made from p-aminoacetophenone and a basic 

solution of 2,3-dichlorophenol. The azo compound was used to form 

complexes with Cr(III), Co(II), Ni(II), and Cu(II) ions at a 2L:1M molar 

ratio in an alcoholic medium. The ligand and its complexes were 

characterized using a set of spectroscopic techniques to obtain chemical 

and structural information. Infrared with Fourier transformation; 

ultraviolet and visible; ¹H/¹³C nuclear magnetic resonance; mass; 

thermal analysis and micro elemental analysis spectrometry, as well as 

molar conductivity. The results certified the chemical moiety and 

geometric fabrication. Azo dye acts as a bidentate ligand with 

phenol/hydroxy terminals. The finding was that Cr(III), Co(II), and 

Ni(II) complexes were characterized by a six-coordinate (distorted 

octahedral) geometry, whereas the Cu(II) complex had a tetrahedral 

structure. Thermal decomposition of the ligand and the selected 

complex was studied to assess stability upon heating and to determine 

the final residue.  

Keywords: 4-Aminoacetophenone, Azo dye, 2,3-Dichlorophenol, 

Metal complexe. 

 
 

1. Introduction  

An aromatic compound with one or more azo (-N=N-) groups represents a very wide 

structural and functional diversity of organic compounds
1
. The azo moiety is characterized by 

SP2 hybridization, which enhances the delocalization of the electronic configuration in aromatic 

systems
2,3

. This configuration involved several substituents, such as carbonyl, hydroxyl (OH), 

and amine (NH2) groups, that enhance coordination and chromophoric effects
4
. Utilized in 

coordination chemistry as effective ligands, they are very common, which is attributed to their 

ability to act as multidentate electron donors through nitrogen and oxygen, and the stability 

conferred on transition metals. Inorganic, analytical, and materials chemistry benefit 

significantly from azo dye complexes owing to their thermal stability, unique electronic 

transitions, and catalytic properties
5–7

. Azo compounds serve fields like medicine and biology 

very well. Inflammatory, antibacterial, and anticancer were the main applications of the azo 

compound because of its magnificent active formula
8–12

. Exclusive pigmentation and high 

selectivity enable them to serve as biological indicators, molecular sensors, and characterization 

tools for biochemical techniques
13,14

. Approximately 70 percent of trade colors are azo dyes, 

which have dominated the manufacture of plastics, fabrics, cosmetics, and inks
15–17

. Changeable 

color, chemical stability, and low cost make azo dye the first choice in many industries. This 

work focuses on the formation of a new azo dye from p-aminoacetophenone and 2,3-

dichlorophenol, which is then used as a bidentate ligand to design metal complexes with Cr(III), 
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Co(II), Ni(II), and Cu(II). Spectroscopic techniques elucidate the compounds' structural 

characteristics, while thermal analysis provides insight into their thermal stability and 

degradation behavior. Despite the abundance of research on azo compounds in scientific 

libraries, their widespread use necessitates enriching scientific research by discovering new 

compounds that expand the base of raw materials used in their preparation. This study aims to 

expand the data on azo-metal interactions and their potential applications in chemical, biological, 

and industrial fields. 

 

2. Materials and Methods  

2.1. Materials and procedures for experimentation 

The nuclear magnetic resonance (NMR) spectra of the ligand (
1
H and 

13
C) were recorded using a 

Bruker 300 and 75 MHz spectrometer. Samples were dissolved in DMSO-d6, with 

tetramethylsilane (TMS) serving as the internal standard. These measurements were conducted at 

the University of Tehran, Islamic Republic of Iran. Fourier-transform infrared (FTIR) spectra 

were obtained using an FTIR-600 spectrometer at the College of Science, University of 

Baghdad, covering the range of 4000–200 cm⁻¹ with KBr/CsI2 pellets. Positive ion electrospray 

ionization mass spectrometry (ESI-MS) was performed using a Sciex mass spectrometer at the 

University of Tehran. Melting points were determined using a Stuart SMP4 electrothermal 

apparatus in the Department of Chemistry, College of Education for Pure Science (Ibn Al-

Haitham), University of Baghdad. UV-visible absorption spectra were recorded using a 

Shimadzu UV-160A spectrophotometer across the 200–1000 nm range. Measurements were 

carried out at room temperature using 10⁻³ mol/L solutions in DMF, placed in 1 cm quartz 

cuvettes, at the Department of Chemistry, College of Education for Pure Science (Ibn Al-

Haitham), University of Baghdad. Electrical conductivity of DMF solutions was measured at 

concentrations ranging from 10⁻³ M using a Cyber Scan CON 510 digital conductivity meter 

(Eutech Instruments) at the Department of Chemistry, College of Education for Pure Science 

(Ibn Al-Haitham), University of Baghdad. Elemental analysis for carbon, hydrogen, and nitrogen 

was conducted using a Heraeus Vario EL analyzer, while metal content was determined via 

atomic absorption spectroscopy using a Shimadzu AA-7000 instrument at the Central Service 

Laboratory, University of Tehran.  Chloride ion concentrations were assessed by potentiometric 

titration using a Metrohm 686 Titro processor and 665 Dosim unit at Ibn Sina Company, 

Ministry of Industry, Iraq. Magnetic susceptibility measurements were performed using a 

Johnson Matthey balance at the Department of Chemistry, College of Science, Al-Mustansiriyah 

University. Thermogravimetric and differential thermogravimetric analyses (TGA) were carried 

out using an SDT Q600 V20.9 Build 20 instrument at Beam Gostar Taban Laboratory, Islamic 

Republic of Iran. 

2.2. Synthesis 

2.2.1. Preparation of (E)-1-[4-(3,4-dichloro-2-hydroxyphenyl) diazenyl] phenylethan-1-one (HL) 

The synthesis of the precursor was modified according to established protocols
18

. Initially, 1.35 g 

(10 mmol) of 4-aminoacetophenone was dissolved in a 20 mL mixture of ethanol and distilled 

water, to which 2 mL of 36% hydrochloric acid was added for acidification. The solution was 

agitated until clarity was achieved, then cooled to 0-5 °C. Subsequently, an aqueous solution of 

0.69 g (10 mmol) of sodium nitrite was introduced dropwise while maintaining continuous 

agitation. The diazotization reaction was conducted in an ice bath for one hour. In a distinct 

container, 1.63 g (10 mmol) of 2,3-dichlorophenol was dissolved in 20 mL of ethanol, along with 

0.8 g (20 mmol) of sodium hydroxide (NaOH). The alkaline solution was added incrementally to 

the diazonium salt solution while maintaining a low temperature. The mixture is still being 

agitated for another 2 hours, as shown in Scheme 1. The resulting solution was split, and 100 mL 

of water acidified with 2 mL of 36% HCl was added until a yellow precipitate was observed. 

Distilled water was used for washing, and the specimens were dried under fresh air. 
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Recrystallization was performed in hot ethanol, followed by drying over diethyl ether. The yield 

was 2.25g (73%); the melting point was 298 °C. 

 
Scheme 1. General route for the synthesis of azo dye (HL) 

 

2.2.2. Preparation of Cr (III) complexes 

In this route, 0.618 g (2 mmol) of the fabricated ligand (HL) was dissolved in 10 mL of a solvent 

mixture of ethanol and DMF in a 3:1 volume ratio. About 10 mL of ethanolic solution containing 

0.16 g (3 mmol) of potassium hydroxide (KOH) was added under continuous stirring. Following 

this, a solution of CrCl3·6H2O (0.266 g, 1 mmol) in 5 mL of ethanol was gradually added to the 

reaction mixture. The mixture was then refluxed for 2 hrs. to promote complex formation. After 

the reaction was complete, the system was allowed to cool, and the resulting precipitate was 

collected by filtration, washed thoroughly with cold ethanol to eliminate residual reactants, and 

left to dry in air. The chromic complex was obtained as a solid with a yield of 0.492 g (63%) and 

a melting point above 300 °C. 

2.2.3. Preparation of Co(II) complex 

The synthesis approach followed a pathway similar to that used for the preparation of the 

chromic complex. The metal salt of CoCl2.6H2O (0.237 g, 1 mmol) was used to make another 

complex. The cobalt complex was obtained as a solid with a yield of 0.469 g (57%) and a 

melting point above 300 °C. 

2.2.4. Preparation of Ni(II) complex 

The synthesis approach followed a pathway similar to that used for the preparation of the 

chromic complex. The metal salt NiCl2·6H2O (0.237 g, 1 mmol) was used to prepare another 

complex. The nickel complex was obtained as a solid with a yield of 0.510 g (62%) and a 

melting point above 300 °C. 

2.2.5. Preparation of Cu(II) complex 

The synthesis approach followed a pathway similar to that used for the preparation of the 

chromic complex. The metal salt of CuCl2.2H2O (0.170 g, 1 mmol) was used to make another 

complex. The copper complex was obtained as a solid in 62% yield (0.466 g) with a melting 

point above 300 °C. The synthetic pathway is depicted in Scheme 2, while Table 1 summarizes 

the yields, colors, and melting points of the resulting complexes. 
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Scheme 2. General route for the synthesis of HL complexes 

 

3. Results 
The information on yields, colors, quantity of metal salts utilized, and m.p. for the resulting 

complexes is shown in Table 1. The proposed formula, molecular weight, and elemental 

microanalysis are shown in Table 2. 
Table 1. Yield, colors and m.p. of compounds 

Complexes Yield (g) Colors m.p (ºC) Yield (%) 

HL 2.25 Fine yellow 298 73 

K[Cr(L)2Cl2] 0.49 Greenish yellow >300* 63 

K2[Co(L)2Cl2] 0.46 Brown  >300* 57 

K2[Ni(L)2Cl2] 0.51 Dark green >300* 62 

[Cu(HL)2]Cl2 0.46 Pale green >300* 62 

*=Decomposed. 
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Table 2. Micro-analysis and physical characteristics of compounds 

Compound Molecular formula M.Wt 
Microanalysis (calculated)% found 

C H N M Cl 

K[Cr(L)2Cl2] C28H18Cl6CrKN4O4 778.27 
(43.21) 

43.19 
(2..33) 

2.21 
(7.20) 

7.17 
(11.70) 

11.56 
(27.33) 

27.19 

K2[Co(L)2Cl2] C28H18Cl6CoK2N4O4 824.30 
(40.80) 

40.73 

(2.20) 

2.03 

(6.80) 

6.33 

(17.63) 

17.13 

(25.80) 

25.57 

K2 [Ni(L)2Cl2] C28H18Cl6NiK2N4O4 824.06 
(40.81) 

40.51 

(2.20) 

2.09 

(6.80) 

6.59 

(16.61) 

16.22 

(25.81) 

25.63 

[Cu(HL)2]Cl2 C28H20Cl6CuN4O4  752.74 
(44.68) 

44.55 
(2.68) 

2.39 
(7.44) 

7.01 
(8.44) 

8.32 
(28.26) 

28.13 

 

3.1. FT-IR data 

The FTIR of the ligand and its metal complexes displayed the following functional groups, 

which are shown in Table 3 and Figures 1-8.  
Table 3. The analysis of FT-IR for the most significant peaks (cm⁻¹) 

Complex (O-H)St ν(C=O)ket ν(C=C)aro. ν(N = N) ν(M-O)car. ν(M-O)ph. ν(M-Cl) 

HL 3369 1678 1560 1492 - - 

k[Cr(L)2Cl2] - 1667 1564 1493 
606 

559 

295 

260 

k2[Co(L)2Cl2] - 1695 1558 1489 
607 

526 

285 

255 

k2[Ni(L)2Cl2] - 1668 1581 1494 
630 

606 

 278 

250 

[Cu(HL)2]Cl2 3458 1699 1575 1489 
642 

606 
 - 

 

 
Figure 1.  FTIR spectrum of ligand 

 
Figure 2. FTIR (400-4000 cm

-1
) spectrum of Cr(III) complex 
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Figure 3. FTIR (200-400 cm

-1
) spectrum of Cr(III) complex 

 
Figure 4. FTIR (400-4000 cm

-1
) spectrum of Co(II) complex 

 
Figure 5. FTIR (200-400 cm

-1
) spectrum of Co(II) complex 

 
Figure 6.  FTIR (400-4000 cm

-1
) spectrum of Ni(II) complex 
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Figure 7.  FTIR (200-400 cm

-1
) spectrum of Ni(II) complex 

 
Figure 8.  FTIR (200-400 cm

-1
) spectrum of Cu (II) complex 

 

3.2. NMR data 

The 
1
H NMR (300 MHz, DMSO6) was used to analyze HL in Figure 9. The spectrum showed 

two sets of bands: the first, the aromatic region, appeared around 6-9 ppm; the second, attributed 

to the aliphatic group, was assigned below 4 ppm, along with the solvent (DMSO6) and a trace 

of water. The 
13

C NMR (75 MHz, DMSO6) was utilized for the analysis of HL in Figure 10. 

The spectrum illustrated two types of groups: aromatic, located in the downfield region above 

100 ppm, and aliphatic, located below 40 ppm. 

 
Figure 9. Spectrum of 

1
H-NMR for the ligand 
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Figure 10. Spectrum 

13
C-NMR spectra of the ligand 

3.3. Mass spectrum 

The mass of the HL was ascertained using the ESI-MS technique. The spectrum showed a mass-

to-charge ratio of 332.85 g/mol, corresponding to (M+Na)
+
, as shown in Figure 11 and Scheme 

3. For complexes, several other spectral and physical properties were relied upon in their 

diagnosis. 

 
Figure 11. Mass spectrum of the ligand 

 
Scheme 3. The fragmentation pattern for the HL 
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3.4. Electronic spectra and magnetic moment 

The electronic spectra, magnetic moments, and molar conductivities of the complexes are given 

in Table 4. 
Table 4. The Uv-vis, molar conductivity and magnetic moment for complexes 

Compounds ʎnm 
Molar extinction coefficient 

ɛmax (dm
3
. mol

-1
 . cm

-1
) 

Type of electron 

transition 

Λm  

S.cm
2
. 

mole
–1

 

µeff 
Geometrical 

stricture 

HL 
267 

363 

1570 

3700 

π → π
*
 

n→π*, 
- - - 

k[Cr(L)2Cl2] 
268 

520 

68 

77 

Ligand field
 

4
A2g

 
→

4
T1g

(P) 43 2.91 
Distorted 

octahedral 

k2[Co(L)2Cl2] 

334 

398 

894 

1903 

1710 

10 

Ligand field
 

C.T
 

4
T1g

(F)
→

4
T2g

(F) 
80 3.66 

Distorted 

octahedral 

k2[Ni(L)2Cl2] 

269 

353 

657 

1942 

1960 

40 

Ligand field
 

C.T 
3
A2g

(F)
→ 

3
T2g

(F)
 

68 2.91 
Distorted 

octahedra 

[Cu(HL)2]Cl2 
251 

504 

1030 

290 

Ligand field
 

2
B1g→ 

2
A2g 

74 1.88 tetrahedral 

 

3.5. Thermal analysis  

The TGA analysis of the ligand and the Cu(II) complex was performed. Thermos-cracking was 

shown in Figures 12 and 13. 

 
Figure 12. The thermal analysis curves of ligand in Ar atmosphere 

Figure 13. The thermal analysis curves of Cu(II) complex in Ar atmosphere 

 

4. Discussion  

A new azo dye, designated as (E)-1-[4-(3,4-dichloro-2-hydroxyphenyl) diazenyl] 

phenylethan-1-one, was synthesized through the diazotization of 4-aminoacetophenone followed 
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by its coupling with 2,3-dichlorophenol under alkaline conditions. The structure and properties 

of the dye were thoroughly characterized using various spectroscopic techniques, including 

FTIR, ¹H/¹³C NMR, MS, and elemental analysis. Subsequently, metal complexes of the dye were 

prepared with Cr(III), Co(II), Ni(II), and Cu(II) ions using a 2:1 ligand-to-metal molar ratio in 

alcoholic media. These complexes were analyzed using FTIR, UV-Visible spectroscopy, molar 

conductivity measurements, and TGA analysis to evaluate their structural features and thermal 

stability. The results revealed that the azo dye acts as a bidentate ligand, coordinating through its 

phenolic and carbonyl oxygen atoms. The stereo shape of the designed complexes revolves 

around the metal ions: Cr(III), Co(II), and Ni(II) complexes, diagnosed as a distorted octahedral 

geometry.  The Cu(II) complex is characterized by a tetrahedral shape. The heating evaluation 

demonstrated high thermal stability of the ligand and the selected complex during 

decomposition, with identifiable final residues. This result led to the suggestion that the 

fabricated dye and its metal complexes have potential applications in dyeing processes and 

catalytic systems, with physicochemical properties tunable by the selected metal center. 

4.1. FT-IR and NMR data  

The FTIR spectra of the designated azo dye HL ligand and coordination complexes were 

obtained. According to the results, the ligand exhibits frequencies that differ from those of the 

same area as the starting materials. The disappearance of the (N–H₂) stretching doublet at 3324 

and 3394 cm⁻¹ proved the involvement of the NH2 group in the azo coupling reaction. A 

phenolic O–H stretching band was observed
18 

at 3369 cm⁻¹. The azo–phenol tautomerism 

reflects a dynamic equilibrium between two structural forms of hydroxy azo compounds: the 

azo–phenol form (Ar–N=N–Ar'–OH) and the hydrazone–quinone form (Ar–NH–N=Ar'=O). This 

tautomeric transformation involves proton migration and π-electron rearrangement across the 

conjugated system
2
. An alkene (C–H) stretching band appeared at 3072 cm⁻¹, while saturated 

(C–H) stretching was detected around 3008 cm⁻¹. The ketonic carbonyl stretching band was 

identified
19

 at 1678 cm⁻¹. The (C=C) stretching vibration was assigned at 1560 cm⁻¹. A new 

weak peak at 1492 cm⁻¹ was attributed to the diazo group. Additional bands observed at 1406, 

1357, and 1317 cm⁻¹ were assigned to (O–H) bending, (C–O) stretching, and (C–N) stretching 

vibrations, respectively
20,21

. The FTIR spectra of the ligand with Cr (III), Co (II), Ni (II), and Cu 

(II) complexes were obtained. The carbonyl band, which pointed at 1678 shifted 

to1667;1668;1668;1668;1699 cm
-1

 for with Cr(III), Co(II), Ni(II), and Cu(II)  complexes 

respectively. The phenolic peak at 3369 cm
-1

 loosened upon complexation for all complexes 

except the Cu (II)complex, which shifted to 3458 cm
-1

. The azo group shifted to 1489 cm
-1

 for all 

complexes. New peaks were assigned as metal carbonyl oxide 606; 606; 607; 630; 642 cm
-1

 and 

metal phenolic oxide 559; 522; 526; 606; 606 cm
-1

 for Cr (III), Co (II), Ni (II), and Cu(II) 

complexes, respectively. The metal chloride bonds appeared at (295;266), (298;285), (277;260), 

(266; 293) cm
-1

 for Cr(III), Co(II) and Ni(II) complexes, respectively
21,22

. Figures 1-8 represent 

the spectrum of the ligand and its complexes.  The main IR spectrum data for the ligand and the 

complexes will be displayed in Table 3. The 
1
H NMR (300 MHz, DMSO) was used to analyze 

HL in Figure 9. The doublet signal, which appeared at 8.08ppm (d, J = 3.0 Hz, 2H), could be 

attributed to two protons located at (C1; C3)-H. Another two protons, which belong to (C4; C6)-

H, are fixed at 7.84 (d, J = 6.0 Hz, 2H). The two single proton assignments (C8; C9) were 

indicated by doublet bands at 7.68 (d, J = 9.2 Hz, 1H) and 6.87 (d, J = 9.5 Hz, 1H). The broad 

single band at around 5.76 ppm (s, 1H) is assigned to the phenolic proton. The exchangeable 

protons, such as those bonded to oxygen (-OH) or nitrogen (-NH), undergo rapid exchange in 

solution, which affects their detection, chemical shift, and peak shape
23–26

. These protons often 

appear as broad peaks, and their chemical shift can vary with solvent, hydrogen bonding, pH, 

and temperature
27,28

. The aliphatic region shows a high singlet at 2.61 ppm assigned to the 

methyl group (C19)-H. Finally, the protons of the solvent DMSO appeared at approximately 

2.51 ppm. 
13

C NMR (75 MHz, DMSO) was used to analyze HL. The carbonyl signal was 
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observed at a low field position of 197.61 ppm, while the phenolic carbon nuclei were fixed at 

163.86 ppm
29

. The carbon atom associated with one of the azo nitrogen sides (C5) is designated 

as 155.49 ppm. The azo signals (C7) are situated at 139.94 ppm. 137.61;136.94 ppm correspond 

to (C10;C11) due to significant deshelling influenced by electron-withdrawing groups. The same 

chemical shifts for (C4,6 and C1,3) resulted in signals appearing at 129.93 and 122.64 ppm. The 

(C2; C9) frequencies were observed at 121.33 and 117.09 ppm, respectively. The final aromatic 

carbon nucleus (C8) is designated at 116.73 ppm. The aliphatic methyl carbon is situated at 

27.26 ppm. The excess signals may be attributed to impurities that co-deposited with the 

compound. The DMSO solvent signal is now stabilized at around 39-40 ppm, as shown in 

Figure 10. 

4.2. Mass spectrum 

The mass of the HL was ascertained using the ESI-MS technique. The spectrum depicted a mass 

value of 332.85 g/mol, corresponding to (M+Na)
+
, in contrast to the theoretical molar mass of 

309.15 g/mol
30

. The presence of the group (M+Na)+ was anticipated based on the synthesis 

method, which incorporates NaOH as a catalyst and as a protective group for the phenolic 

hydroxide against oxidizing agents
31–33

. Additional fragment moieties observed in the spectrum 

(284.35; 287.90; 291.90; 300.05; 318.00 g/mol) may be ascribed to C12H9Cl2N2O2+; 

C13H13ClN2NaO2+; C14H9Cl2N2O+; C14H13ClN2NaO2+; C13H8Cl2N2NaO2+) potential 

configurations in Figure 11. 

4.3. Electronic spectra and magnetic moment 

The magnetic moment values and UV-visible spectral data for the synthesized complexes are 

summarized in Table 4. Figures 12 and 13 represent the ligand spectrum and its complexes. The 

electronic spectra exhibited characteristic absorption bands in the range 200–300 nm, attributable 

to π→π* and n→π* transitions. Moreover, charge transfer transitions occurred in the 300−420 

nm region due to ligand-to-metal or metal-to-ligand interactions
34,35

. The electron-transfer band 

of the Cr(III) complex appeared at 520 nm, assignable to the 
4
A2g → 

4
T1g

(P)
 transition, indicating 

an octahedral coordination environment. The Co(II) complex assigned an absorption band at 894 

nm, which belongs to 
4
T1g

(F)
→

4
T2g

(F)
 transition. This spectral information suggests a distorted 

six-coordinate geometry around the cobalt ion
36-39

. On the other hand,  the Ni(II) complex 

reveals a band at 657 nm, relating to the 
3
A2g

(F)
→ 

3
T2g

(F)
 transition

40
. These results led to 

improving the distorted octahedral structure. Finally, the Cu(II) complex exhibited a band at 504 

nm, attributed to the 
2
B1g→ 

2
A2g transition

41,42
. These spectral findings indicate a tetrahedral 

geometry around the copper ion
43

.  

4.4. Thermal analysis 

The TGA analysis of the ligand exhibited three distinct decomposition stages. The first stage, 

occurring between 100 and 180°C, accounted for approximately 30% of the mass loss and likely 

corresponds to the loss of adsorbed solvent or moisture beginning near 130°C, followed by 

cleavage of moieties consistent with CH₃OH + HCl near 180°C. The second stage, from about 

210 to 330°C, produced a further 27% mass loss and is consistent with the evolution of volatile 

fragments such as butene and N₂. The final decomposition proceeded gradually up to 800°C, 

resulting in a remaining of 33% mass loss; the residual fragment is best represented by the 

empirical composition C₄H₅ClO; as seen in Figure 4. The TGA analysis of the Cu(II) complex 

was obtained. The Cu(II) complex thermogram showed four decomposition stages. The initial 

stage (120-180°C) involved a 20% mass loss attributed to the removal of adsorbed water and the 

decomposition of a labile organic fragment consistent with C₈H₉NO. The second stage, 

approximately at (180-270°C), accounted for an additional 20% mass loss, assignable to loss of a 

fragment matching C8H10ClN. The third and most extensive stage produced about 50% mass loss 

occurring around 270-800°C and corresponds to the breakdown of the principal organic 

framework, consistent with C12H8Cl5N2O. The remaining ~10% is attributed to the formation of 

the metal oxide residue, which lies near the instrument’s detection limit, as shown in Figure 5. 
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5. Conclusion  

The coupling reaction can be explained by the fact that the OH group is directed towards the 

o- and p- sites, and since one of the o- sites is actually occupied by chlorine and the p- site is also 

spatially restricted by a chlorine atom at the adjacent m- site, it is clear that the electrophile 

substitution is directed towards the remaining highly stable o- site. The synthesized azo dye (E)-

1-[4-(3,4-dichloro-2-hydroxyphenyl)diazenyl]phenylethan-1-one was obtained in good purity 

and fully characterized, confirming its azo–phenolate structure and bidentate coordination 

ability. Spectroscopic and mass spectrometric data demonstrate coordination via phenolic and 

carbonyl oxygen atoms, while NMR and IR results verify the ligand's structural integrity and 

tautomeric behavior. Metal complexation with Cr(III), Co(II), Ni(II), and Cu(II) produced 

predominantly distorted octahedral geometries for the first four metals and a four-coordinate 

tetrahedral geometry for Cu(II), consistent with electronic and magnetic data. Thermal analysis 

indicates that both the ligand and its complexes exhibit multi-stage decomposition with 

substantial thermal stability and well-defined residues. The plane in which the acetophenone 

group is located is different from the plane in which the chlorinated phenol group is located, thus 

making the carbonyl and OH groups opposite each other. Furthermore, the axial rotation of the 

acetyl single bond on the plane of the acetophenone group reinforces the opposite relationship 

with the OH group. This helped position the metal opposite the carbonyl and hydroxide to 

coordinate with them; the spectral data supported this, whereas we ruled out association with the 

azo group because no change in its spectral properties was observed. The combined properties—

tunability of coordination geometry, thermal robustness, and characteristic electronic 

transitions—make the ligand and its metal complexes promising candidates for a range of 

applications. 
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