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Abstract 

Hippuric acid and 3-amino phenol were used to make the 4-(2-Amino-4-hydroxy-phenylazo)-

benzoylamino-acetic acid diazonium salt, a new Azo molecule that is a derivative of the (4-

Amino-benzoylamino)-acetic acid diazonium salt. We found out what the ligand's chemical 

structures were by using information from 1HNMR, FTIR, CHN, UV-Vis, LC-mass 

spectroscopy, and thermal analyses. To make metal complexes of the azo ligand with Co(II), 

Cu(II), Ru(III), and Rh(III) ions, extra amounts of each azo ligand were mixed with metal chloride 

salts in a 2:2 mole ratio. The stereochemical structures and geometries of the metal complexes 

that were studied were guessed based on the fact that the ligand exhibited tetradentate bonding 

behavior when combined with the metalions. The azodye ligand is coordinated with the metal 

ions (Co(II), Cu(II),Ru(III), and Rh(III)) through (NNOO) the N atoms of azo and amine groups 

and the oxygen of carboxylic and phenolic hydroxyl groups. According to analytical results, the 

Ru(III) and Rh(III) complexes have binuclear octahedral geometry, whereas the Cu(II) and Co(II) 

complexes have binuclear distorted octahedral and binuclear tetrahedral geometry, respectively. 

The results indicated that the following formulas for ligand complexes should be used: 

[Ru2Cl2(H2O)2(LI)2], [Rh2Cl2(H2O)2(LI)2], [Co2(LI)2], and [Cu2(LI)2]. The thermal analysis 

conducted by TG, DTG, and DTA demonstrated partial breakdown at temperatures between 

820°C and 850°C. 
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1. Introduction 

Azo compounds are among the earliest organic molecules ever synthesized, and the dye industry 

still makes extensive use of them. A class of chemical compounds known as azo dyes has at least 

one azochromophore (R1-N=N-R2), which gives these well-known dyes their hue. They are 

crucial to both scholarly and practical research. [2,3] The functional group (-N=N-) that joins two 

symmetric, asymmetric, identical, or non-azo alkyl or aryl radicals is what sets these molecules 

apart. [3] The fundamental method of synthetic synthesis is based on Peter Griess's nineteenth-

century discovery of the diazotization reaction. [2] An aromatic primary amine is diazotized to 

make most of the azo dyes. These dyes then join with one or more electron-rich nucleophiles, 

such as amino or hydroxyl [4,5]. As a result of their many benefits, which include antibacterial 

and antifungal agents, dyeing procedures, photoelectronics, and sensitizers in photocatalytic 

reactions, Because of their numerous benefits, including their use as antibacterial and antifungal 

agents, dyeing processes, photoelectronics, and sensitizers in photocatalytic reactions, azo 

compounds, particularly aromatic type 1, are recognized as important organic chemicals [3]. The 

most prevalent applications are in textile dyeing procedures, paper printing, color photography, 

pharmaceuticals, food, cosmetics, leathers, edibles, medication additives, plastics, and paints. In 

addition to serving as a colorant, they also have biological effects such as antimicrobial, 

antifungal, cytotoxic, and antiproliferative qualities. Additionally, in addition to serving as 

beneficial colorants and antibacterial agents, synthetic azo compounds are now an important part 

of many medical tests [4, 6-8]. 

 

2. Experimental 

2.1. Materials and apparatus:  

Sigma-Aldrich, Merck, and other retailers provided all the chemicals and reagents, which were 

used exactly as provided. For the elemental study, the vector model 3000/EA. 3-single was 

employed (C, H, and N). Using the agravimetric approach, metalions were calculated as 

metaloxides. The molarity conductance of the complexes was determined by using the 

conductometer WTW at room temperature and 1103 M conc. All the complexes were dissolved 

in dimethylformamide (DMF). QP50A: DI Using mass spectrometry (MS), For numerous 

different compounds, mass spectra were collected using a Shimadzu QP-2010-Plus (E170Ev) 

spectrometer. The spectrum was analyzed using the UV-Vis spectrophotometer Shimadzu 1800, 

and the proton-nuclear magnetic resonance (Proton-NMR) spectrum for the ligand in DMSO-d6 

was captured using a Braun 400 MHz. In order to analyze Fourier transform infrared (FTIR) 

spectra, the IR Prestige-21 was employed, while thermogravimetric research was conducted using 

a PerkinElmer PyrisDiamond TGA. 

 

2.2. Synthesis of azo dye ligand 4-(2-Amino-4-hydroxy-phenylazo)-benzoyl amino-acetic 

acid 

P-amino hippuric acid (0.194 g, 1 mmole) was heated to 5 °C with a 10% solution of NaNO2 and 

melted in a mixture of 5 ml ethanol and 3 ml HCl. To create 3-aminophenol, a cooled ethanolic 

solution was combined with a diazotized solution (0.109g, 1mmole). The result of this direct 

mixing was a murky-colored mixture with azo ligand precipitation, then filtered and washed with 

a (1:1) (C2H5OH:H2O) solution for a number of ounces, and then dried. Scheme 1 illustrates the 

response. 



IHJPAS. 36 (4) 2023 

323 
 

O

OH

NH2

H2N

OH+

3-Amino-phenol

+HCl (conc.)

+NaNO2

ice bath with stirring for 1h

M=Co(II) soluble 

in Ethanol

M=Rh(III) and Ru(III)

+HCl conc. few drops

C NH

C

O

H2
C O

OH

N

H2N

OH
C NH

C

O

H2
C

N

[4-(2-Amino-4-hydroxy-phenylazo)-benzoylamino]-acetic acid

(4-Amino-benzoylamino)-acetic acid

[4-(2-Amino-4-hydroxy-phenylazo)-benzoylamino]-acetic acid

O

O
N

HN

HO

C

NH

C

O

H2
C

N

O

O N

NH

OH

C

NH

C

O

C
H2

N

Co

O

O

N

HN

HO

C

NH

C

O

H2
CN

O

O N

NH

OH

C

NH

C

O

C
H2

N

M OH2
M

OH2

Cl

Cl

Co

O

ON

HN

HO

CNH

C

O

H2
C

N

O

O
N

NH

OH

C
NH

C

O

C
H2

N

Cu

Cu

M=Cu(II) soluble in 

Ethanol

 
 Scheme1. Azo dye synthesised and its complexes 

 

2.3. Typical procedure for creating complexes of metallic ions 

Stoichiometric amounts of (0.364, 1 m.mol) and (0.357, 1 m.mol) of [2:2] M:L for Cu II and Co 

II chloride salts, respectively, were added to azo ligand that was dissolved (0.280g, 1 m.mol) in 

10 mL of pure ethanol while stirring. The same amounts of ligand were also added to the Cu(II) 

and Co(II) (0.311, 1 m.mol). All of the complexes were combined and heated to 65°C for two 

hours. After cooling in an ice bath until precipitation, the mixture was left to chill overnight. In 

Scheme 1, the reaction is displayed. The solid complexes were separated and then rinsed with 

distilled water and a touch of hot ethanol to remove any unreacted components. We used vacuum 

desiccators to dry the compounds. An overview of the ligand's analytical, physical, and metal 

complex properties can be found in Table 1. 

3. Result & discussion 

3.1. The ligand's physical and molecular characteristics 

The azo dye ligand (LH2) resembles a fine brown powder and has an amorphous look. This 

synthesis ligand is sparingly soluble in ethanol, but it is soluble in water and DMSO. The metallic 

ion and azoligand complexes were stable in the presence of air. 
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Table 1. Physical characteristics and analytical information regarding ligands and their compounds. 

Comps 

ChemicalFormula 

MoleculareWeigt 
1-g.mol 

Colou

r 

Meltin

g point 

Elemental Compositions% 

C 

Founde

d 

(Calc) 

H 

Founde

d 

(Calc) 

N 

Founde

d 

(Calc) 

O 

Founde

d 

(Calc) 

M 

Founde

d 

(Calc) 

2LH 
4O4N14H 15C 

314 

Brow

n 
280 

56.51 

(57.32) 

3.41 

(4.46) 

18.71 

(17.83 

21.29 

(20.38) 
- 

]2L2Cu[ C30H24N8O8Cu2 

751 

Light 

green 

285 

 

46.55 

(47.93) 

4.33 

(3.2) 

16.05 

(14.91) 

16.01 

(17.07) 

15.83 

(16.91) 

]2L2Co[ 
C30H24N8O8Co2 

742 

 

Dark 

green 
290 

46.99 

(48.52) 

4.05 

(3.23) 

16.55 

(15.09 

18.01 

(17.25) 

16.83 

(15.90) 

[Rh2L2Cl2(H2O

)2] 

C30H28N8O10Rh2

Cl2 

937 

Deep 

Brow

n 

297 

 

36.96 

(38.42) 

2.22 

(2.99) 

12.61 

(11.95) 

18.10 

(17.08) - 

[Ru2L2Cl2(H2O

)2] 

C30H28N8O10Ru2

Cl2 

933 

Deep 

Brow

n 

296 

 

39.93 

(38.59) 

2.90 

(3.00) 

13.12 

(12.0) 

16.16 

(17.15) - 

 

3.2. 1H-NMR spectra 

 The ligand's 1H-NMR spectrum showed a peak at 5.55 ppm, and it was found that the chemical 

shifts of phenolic OH were to blame. The triplet peaks at 8.6 ppm were given the secondary (NH) 

proton's chemical shift on the spectrum. The CH2-COO proton was identified as the source of the 

numerous signals detected at 3.3 ppm for the ligand. At 4.64 ppm, the primary amine group first 

appears as a singlet. The aromatic protons of benzene groups are thought to be responsible for 

the several peaks at 6.82–7.56 ppm. The protonOH of the carboxyl group COOH is what causes 

the singlet signal at 12.9 ppm. [9, 10] 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure1.  H-NR spectrumof azo ligand 
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3.3. Electronic spectra measurements 

The UV-Vis spectra of the ligand LH2 and Co(II) complex are displayed in Table 2 and 

Figure 2a. The (N=N) azogroup's n* transition in the free ligand caused two peaks at 402 and 

421-445 [11]. The (N=N) azogroup's n* transition in the free ligand also caused a peak with an 

absorption maximum at 402 [11]. These peaks were displaced in the spectra of all metal 

complexes, proving that the coordination process involves the azo group [12]. The spectrum of 

the Co(II) complex contained three bands at 250, 441, and 890 nm attributed to the ligand field 

and charge transfer. 4A2(F) → 4T1(P) and 4A2(F) → 4T2(F) transitions, respectively assigned to the 

tetrahedralCo(II) ion, which is indicative of a tetrahedralgeometry (Figure 2b).  The electronic 

spectrum of the Cu(II) complex displays one new absorption peak. The peak at 953 nm is caused 

by (d-d) spinallowed electronic transitions of type 2B1g→2A1g, and its location and width are 

caused by the JahnTeller effect, which works on the d9 electronic ground state of six coordinated 

systems. These properties are strong indicators of distorted octahedral geometry [13]. The 

octahedral geometry of the Rh(III) complex can be attributed to bands in the electronic spectra at 

24752, (23585-22075) cm-1, and 10482 cm-1, which have been assigned to 1A1g→1T1g and 
1A1g→1T2g transitions, respectively. [14] As a Ru(III) complex, it showed three spectral lines at 

253, 401, and 418–449 nm. Band 2 is attributed to the LMCT transition, and band 3 corresponds 

to the 2T2g→2A2g [15] transition. The UV-vis examination also revealed the emergence of metal 

(II) and (III) azodye complexes. The electronic spectra of the created azodye ligand and its metal 

complexes in DMSO solutions (1 × 10−3 M) span from 200 to 1100 nm [9, 16]. 

 
 

Figure 2.  a- Electronic spectra of azoligand b- Electronic spectra of  Co(II)complex 
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Table 2. Electronicinformation and molarconductivity for metal complexes in DMSO with the LH2ligand (0.001 

M) 

 

Geometry of 

Complexes 

 

maxλ 

(nm) 

υcm-1 ABS ε max L 

mol-1cm-1 

Assignment 2cm mʌ 
1-mol1-Ω 

LH2 260 

402 

421-445 

38462 

24876 

23753-22472 

0.248 

0.235 

0.204 

248 

235 

204 

* 

n* 

n* 

 

- 

[Co2L2] 

 

 Tetrahedral  

 

250 

441 

890 

40000 

22676 

11236 

 

 

 

1.17 

0.477 

0.26 

 

1170 

477 

260 

 

* 

C.T. 
4A2(F) 4T1(P) 

 

 

20 

[Cu2L2] 

 Distorted octahedral 

 

277 

443 

953 

36101 

22573 

11350 

2.377 

0.055 

 

2377 

55 

 

* 

C.T. 
2B1g→2A1g  

 

18 

[Ru2L2] 

 

 Octahedral  

 

253 

401 

(418-449) 

 

 

 

39526 

24938 

23923-22272 

 

 

0.102 

0.111 

0.112 

 

102 

111 

112 

 

* 

C.T. 

2T2g 2A2g 

 

 

17 

[Rh2L2] 

Octahedral 

 

251 

404 

(424-453) 

954 

 

39841 

24752 

23585-22075 

10482 

 

0.310 

0.280 

0.229 

0.191 

 

310 

280 

229 

191 

* 

n* 

1A1g⟶1T1g 

1A1g⟶1T2g 

 

9 

 

3.4. Measurements using liquid chromatography mass spectrometry (LC.MS)  

In order to get the mass spectra of the novel ligand-metal complexes, electron impact 

fragmentation was utilized. In general, substantial fragments linked to breakdown products as 

well as the freeazo ligand and its complexes were found using high-resolution MS. The electron 

impact mass spectrum of the ligand LH2 is shown in Figure 3. The computed molecular weight 

of this ligand is 314 g/mol. The signal at 315.30 m/z in the spectra was attributed to a new azo 

moiety, [C15H15N3O3]
+. Different pieces may be responsible for more unique peaks at 121, 104, 

and 90 m/z. Their intensity reveals the shards' stability [17]. The mass spectrum of the Cu(II) 

complex is shown in Figure 4. The complex moiety [C30H25N8O8Cu2]
+ was identified in the 

spectra as a peak at 751 m/z. Different components may be responsible for two additional unique 

peaks at 242.68 and 149 m/z. The Co(II) complex's mass spectrum is shown in Figure 5. Apeak 

at 742 m/z in spectra allowed for the identification of the chemical moiety C30H24N8O8Co2. The 

282, 251, and 212 m/z peaks, which are also distinct, could be attributable to various pieces. The 

electron impactmass spectrum of the Rh(III) complex is shown in Figure 6. The signal at 937 

m/z for the complex moiety C30H28Cl2N8O10Rh2 matched this moiety. There are other significant 

peaks at 350, 319, 149, and 123 m/z that may be due to more fragments. The electron impactmass 

spectrum of the Rh(III) complex is shown in Figure 7. This moiety was represented by a peak at 

933 m/z for the complex moiety C30H28Cl2N8O10Ru2. There are other distinct peaks at 349, 318, 
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149, and 123 m/z that might be due to more fragments. Schemes 2–5 discuss potential 

fragmentation paths and the structural tagging of fragments [9]. 

                                                                                                                                                                      
                                                                                                                                                                                                

 

 

 

 

 

 

 

 

 

Figure 3.LMS ofligand       

 

Figure 4. LCMS of Cucomplex 
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Figure 5.  LCMS ofCo complex  

 

Figure 6. LCMS of Rh complex 

 

Figure 7. LCMS of Ru complex 
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Scheme 2. Fragmentation pattern of LH2 

 

  Scheme 3. Fragmentation pattern of Cu(II) complex   Scheme 4:Fragmentation pattern of Co(II) complex        

 

 

 

 

 

 

 

 

Scheme 5. Fragmentation patternof (III) complex   Scheme 6:Fragmentation pattern of Ru(III)complex      

3.5. Measurements of Infrared spectra  

In order to identify the functional groups in molecules, especially organic molecules, FTIR 

spectra was used. In some situations, where coordination happens by changing the functional 

group frequencies (that have the donating atom), this data can provide hints for the formation of 

complexes. Table 3 compiles and arranges the spectra of azoligands and their metalchelate 
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complexes with Cu(II), Co(II), Ru(III), and Rh(III). Bands in the ligand's spectrum at 3421 and 

3367 cm-1, which were attributed to the stretching vibration of (NH2), were reduced to a lower 

frequency in all generated compounds, indicating coordination with a metal ion [17]. The band 

located at 1472 cm-1 18 in the unbound azo ligand was given the (N=N) stretching vibration 

(LH2). This band was found in the spectra of the substances between 1454 and 1464 cm1. It was 

proven that the azo group was involved in the inchelation by the azo group of the azo ligand [18, 

19]. Additionally, earlier studies have shown that the azo-dye nitrogen invariably prefers 

complexation when transition metals are present. [20] It was challenging to prove that this group 

was involved in chelate formation because the Rh(III) and Ru(III) complexes include coordinated 

water molecules. The presence of OH bands in the (3381 and 3358) cm1 of the Rh(III) and Ru(III) 

complexes, respectively, in the IR spectrum was attributed to the existence of coordinated water 

molecules in the coordination sphere. Additionally, it was discovered that stretching vibrations 

in the ranges of (833 and 768-770cm-1) correspond to v. (M-OH2). The IR spectra showed a 

significant stretching vibration band at 3522 cm1, which corresponds to the phenolic group's OH, 

which is a strong indication that water molecules are engaged in the coordination of the unbound 

ligand. 21 This band did not experience displacement due to a lack of coordination. All 

complexes' spectra showed band shifts to higher wave numbers for asymmetric stretching 

vibrations in the range of (1636–1676 cm–1) and lower frequencies for symmetric stretching 

vibrations assigned to the carboxylate group (COO–). This suggests that the COO- anion's oxygen 

participates in the coordination of the metal ions. The v values (200) were compatible with 

carboxylate monodentate coordination behavior, just like in the case of the LI complexes. New 

bands that only showed in the produced compounds were found when comparing the spectra of 

all complexes with the free ligand, indicating that the preparation was successful. In the Ru(III) 

and Rh(III) complexes, three bands were attributed to (M-N), (M-O), and (M-Cl), whereas two 

bands were attributed to (M-N) and (M-O) in the Cu(II) and Co(II) complexes. 18,22,23 Last but 

not least, it can be deduced from the IR spectra of all produced compounds that the azodye ligand 

is coupled to the metal ions through four sites (the N site of the azo group, the primary amine, 

and the O site by deprotonation of the carboxyl and amidic carbonyl) [18, 23, 24]. Therefore, in 

all of the prior compounds, the ligand displayed N, N, O, and O tetradentate behavior [9, 16, 18, 

26, 28, 29–33]. 

Table 3.  list the IR spectra bands of the freeazo ligand andcomplexes  (cm-1) 

 

Comp. 

 

 

υOH 

phenol

ic 

υ 

amin

e 

 

υ 

amid

e 

υ 

(N=

N) 

υCO 

of -

CON

H- 

 

υ(CO

O-) 

assy. 

υ(CO

O-) 

sym. 

υ 

(H2OCoor

d) 

 

Δυ 

 

Other bands 

LH2 3421 - 3266 1454 1622 1541 1387 - 15

4 

- 

[Cu2L2] 3396 3325 3281 1415 1676 1645 1354 -  

29

1 

 

υ 

MN(565,52

4) 

υ 

MO(488,44

7) 
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[Co2L2] 3398 3358 3229 1498 1650 1609 1331 - 27

8 

 

 

υ 

MN(560,51

5) 

υ 

MO(466,42

4) 

 

[RuL2Cl2(H2O

)2] 

3439 3142 3258 1440 1736 1641 1352 3358 

833 

768 

28

9 

 

υ 

MN(563,53

0) 

υ 

MO(480,44

2) 

υ 

MCl(374,34

1) 

[RhL2Cl2(H2O

)2] 

3348 3283  1442 1651 

 

1609 1333 3381 

833 

770 

27

6 

 

 

υ 

MN(542,51

6) 

υ MO 

(449,472) 

υ 

MCl(324,34

5) 

 

 

 

3.6. Thermal measurements 

The heat breakdown of the ligand LH2 and related metal complexes is depicted in Figures 8, 

9, 10, and 11, as well as the TG and DTG data. Information about the thermal degradation process 

is provided in Table 4. The TG decomposition curve for the produced compounds showed a 

decomposition, with the ligand's thermal stability being poor at 70 °C, similar to the low stability 

complexes in the range of (135, 100, 91, and 60 °C) for Cu(II), Co(III), Rh(III), and Ru(III) 

complexes, respectively. This indicated the presence of water molecules only in the Rh(III) and 

Ru(III) complexes, whether water The ligands Cu(II), and Co(II) disintegrate in a single step, 

leaving an intact residue. The Rh(III) complex breaks down in two steps, leaving behind an intact 

residue. The Ru(III) complex, however, breaks down in four phases with a complete residue. This 

is consistent with the computed values and suggested formulas. [35- 

40]                                                                                                                                            
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Figure 8. Thermogravimetry of Ligand    

 
Figure 9. Thermogravimetry of Co complex 

 

Figure 10. Thermogravimetry and DSC of Cu complex 
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Figure 11. Thermogravimetry of Ru complex 

 

 
Figure 12. Thermogravimetry of Rh complex 

 

Table 4. Ligand and its complexs undergo thermal degradation 

 

Comp. 

 

(Range 

of TG) 

°C 

Max of 

DSC °C 

ΔH 

μV 

 

% Found (calculated) 
Assignment 

 weight loss 
decrease of mass 

overall 

LI 

 

 

65.38- 

326.996 

326.996

-

489.227 

489.227

-

595.383 

 

114.8(Endo

) 

169.8(Endo

) 

319(Endo) 

473(Endo) 

-

13.

4 

-

12.

2 

-8.5 

-7.5 

 

49.4596(49.6815

) 

27.2126(26.1146

) 

18.5417(20.3822

) 

95.2139 

(96.1783) 

 

 

-

CO2,CO,C3H6N3

O 

- C4H4NO 

- C5H4 

- ResidueC 

 

[Co2(LI)2] 

C30H24Co2N8O8 

 

100-330 

330-438 

438-593 

 

254.5(Endo

) 

284.9(Endo

) 

490 (Endo) 

 

-4.4 

-2.1 

0.5 

 

 

81.29(79.78) 

 

81.29 

(79.78) 

 

-C30H24N8O6 

- Residue 2CoO 

[Cu2(LI)2] 

C30H24Cu2N8O8 

135-595 

 

158.9(Endo

) 

198.9(Endo

) 

-9.6 

-6.3 

 

91.545 

(91.4415) 

 

91.545 

(91.4415) 

-C30H24N8O7, 

CuO 

- Residue Cu 
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 311.9(Endo

) 

470.0(Exo) 

560.0(Exo) 

-

9.6

6 

 

[Ru(LI)2Cl2(H2O)2

] 

C30H28Cl2Ru2N8O1

0 

 

60-165 

165-240 

240-385 

385-595 

91.3(Endo) 

262.2(Exo) 

299.5(Exo) 

380(Endo) 

-19 

-3 

1 

4 

 

7.16396(6.855) 

16.1162(16.8159

) 

47.607(47.127) 

9.46671(9.0506) 

 

 

80.35387 

(79.8485) 

-2H2O+CO 

-C2H2Cl2N2O2 

- C24H20N6O3 

-C2H2, 0.5RuO 

- Residue 

1.5RuO 

 

[Rh(LI)2Cl2(H2O)2

] 

C30H28Cl2Rh2N8O1

0 

 

91-330 

330-595 

 

104.5(Endo

) 

254.5(Endo

) 

284.9(Endo

) 

484.5(Endo

) 

10.

2 

-4.4 

-2.1 

-1.4 

 

68.6962(69.0501

) 

 

 

68.6962(69.0501

) 

 

-H2O, CO2, CO, 

C27H18Cl2N8O2 

-Residue 

CH8O4Rh2 

 

4. Conclusion 

It's important to know how the compensated groups are spread out in relation to the azo group 

because there are aromatic rings connected to the nitrogenatoms of the azogroup and the 

compensated groups at different points in the aromatic ring, which can be acidic, basic, or both. 

As an example, the hydroxyl group attached to the orthosite would be more significant, and this 

group of compounds includes orthohydroxyazo substances. In this effort, we are synthesizing a 

brand-new azo ligand. This type of reagent was chosen since it has numerous consistency sites, 

seven unique chelate compounds with some metallic ions, and can be used to characterize the 

ligand and its complexes using a variety of techniques. The production of all azo compounds in 

this work, which concentrated on the synthesis of novel azo compounds, was verified by Fourier 

transform infrared (FTIR), 1H-NMR spectrum characterization, and chemical analysis. 
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