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 الخلاصة

أمٍنيفٍنلاي  ملا  -3ى لحمٍنلابث المويةلات رلابتا حيللايدٌن  اللاداٌسىيٍي حم ححضٍر أصببغ الازى الددٌدة المشخـقت من ازدىاج املاحذ 

(3-tert-butyl-4-hydroxyanisol كملالاب رضلالارث مدمينلالات ملالان الموقلالاداث ملالان حتبنلالاو لٍ بيلالاداث الازى ملالا  املالاحذ النحلالابش .)

ىي المغنبطٍسلاً الثنبئً ىالنٍ و الثنلابئً  خصتلاج المركبلابث المحضلارة ربالاخصدا  مةٍبفٍلات الاخلاوت ححلاج الحملاران   اللاريٍن النلاي

للبرىحلالايو ىال لالابتريو   مةٍبفٍلالات ال خللالات   مةٍبفٍلالات الاخلالاوت التلالايت رنتسلالادٍت   الخيصلالاٍلٍت الميلاتٌلالات    ححلٍلالاو الونبصلالار اللالاد ٍ    

الحسباٍت المغنبطٍسٍت  ىالخحلٍو اليزيً الحراتي. كشتج الدتاابث الةٍتٍت ىالبٍبيبث الخحلٍلٍت أو لٍ بيداث اصببغ الازى حوملاو  

Oث ثنبئٍلالات السلالان حلالارحبظ ملالا  الاٌلالايو التللالاسي نلالان طرٌلالا  كلٍ بيلالادا
-

ملالان مدمينلالات الازى. القلالاٍم  Nملالان مدمينلالات الوٍدتىكسلالاٍو ى  

الياطئلالات ملالان  ٍلالابش الخيصلالاٍلٍت الميلاتٌلالات رٍنلالاج او خمٍلالا  الموقلالاداث المحضلالارة راث طبٍولالات  ٍلالار ال خرىلٍخٍلالات  كملالاب حبلالاٍن أو يسلالابت 

انخملابداا نللاى النخلابئح   .ىلوب خياص رلابتا مغنبطٍسلاٍت ( من  الاٌيو التلسي الى اللٍ بيد1:2الختبنو لخ يٌن الموقداث رنسبت ميلٍت )

بٍن او موقداث النحبش الثنلابئً راث خلا و ترلابنً السلاةيذ رٍنملاب موقلاداث النٍ لاو الثنلابئً راث خلا و ثملابيً السلاةيذ. كملاب رٍنلاج ح

الخحبلٍو الحراتٌت حت ك الموقداث رصةيحٍن الى ثحد خةياث  الصةية الاىلى للتقداو حشٍر الى فقداو  المبن المرحبظ رلابلبليتة   

 رحبةت حنباقٍب م  الذتة المركسٌت ىرودهب مررلت حت ك اللٍ بيد.حلٍوب فقداو خسٌئبث المبن الم

Abstract, 

    New azo dyes ligand of substituted amines para-toluidin and 3-aminophenol with 3-tert-butyl-

4-hydroxyanisol and their complexes with Ni(II) and Cu(II) were synthesized and characterized 

using (
1
HNMR, 

13
CNMR, mass spectrometry, FT-IR, Uv–Vis, molar conductance, elemental 

analysis, magnetic moment and thermogravimetric analysis). The spectral,studies and 

analytical,data revealed that the azo dyes,ligands act as bidentate ligands via deprotonated OH 

and nitrogen atom of the azo group. The low molar conductance data detected that all the metal 

complexes were non-electrolytic in nature, as well as showed that the reaction ratio was 1:2 

metal:ligand and had paramagnetic properties for all metal complexes and had an octahedral 

geometrical shape for Ni complexes and tetrahedral for Cu complexes. Thermal,analysis,studies 

showed the decomposition,of the complexesain two to three steps with the weight loss of 

hydratedawater in the first,decomposition,stepafollowed by the coordinated,water and ligand 

molecules. 

 
Keywords: 3-tert-butyl-4-hydroxyanisol, azo dyes, metal complex, thermal analysis  

 

Introduction, 

     Azo dyesnare a type of organic compounds that contains at least one conjugated azo (-N=N-) 

group as a chromophore. To enhance the color, this chromophoric moiety may be linked to two 

or more aromatic or heterocyclic rings. Azo dyesncan contain more than one azo group and are 

thus classified as monoazo, diazo, triazo, and so on based on the number of azo moieties in the 

molecule
 
[1]. Azo compounds are nitrogen compounds that do not occur naturally and are 

constantly being studied in scientific research [2–4]. Azo dyes are the most broadly used class of 

coloring materials due to their numerous applications in science and technology [5–7]. They are 

also produced through the diazotization of aromatic amines and the use of a coupling reagent that 

contains one or more azo groups (–N=N–) attached to one or more aromatic moieties [8]. 

Because of their affinitynfor wool and silk, azondyes are used in the coloring of fibers[9], 
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photoelectronics[10], optical storage technology
 
[11], biologicalreactions[12], as well as in 

analytical, and foodnchemistry[13]. Azo compounds are well known for their medicinal 

importance and are widely used as antineoplastics[14], antidiabetics[15], antibacterial
 
[16,17], 

and antitumornagents[18]. They are known to be involved in a variety of biological reactions, 

including DNA, RNA, and protein synthesis inhibition, carcinogenesis, and nitrogennfixation 

[19,20], Transition metal complexes of azo compounds are gaining popularity due to their 

superior dyeing properties in textiles and fibers when compared with free dyes. Fabrics dyed 

with metal complex dyes have excellent lightnfastness [21]. Transition metal complexes with azo 

ligands also have interesting physical, chemical, photophysical, photochemical, catalytic, and 

material properties [22-24]. Azoncomplexes have been extensively researchednfor their medical 

and biological applications [25]. The present study reports preparation of new azondyes ligands 

and their complexes and their identification by spectroscopic and analytical methods and 

knowledge of their geometric shapes.  

 

2. Experimental, 

2.1: Materials: Para-toluidin,and 3-aminophenol from Merck and used,without purification, 3-

tert-butyl-4-hydroxy anisol from Fluka, Nickel Chloride hexahydrate and Copper Chloride 

dihydrate from (B.D.H). TLC plate,20 × 20 cm type silica gel 60 GF 254 ( Aluminium,) from 

Merck, Hydrochloric acid (37%) were obtained from Scharlau, triethylamine from Merck, 
Deionized water was used for the preparation of all solutions. 

2.2: Measurements: Melting,points were determined,on a thermo fisher. FTIR spectra were 

measured using KBr discs on a Shimadzu-84005. (Uv-Vis) spectra were measured for (1x10
-3

 

M) in ethanol using (Uv-Vis 1800 Shimadzu), El-mass,spectra of the ligands were recorded on 

Agilient. 
1
HNMR and 

13
CNMR were recorded on a Bruker (400 MHz for 

1
HNMR and 100 MHz 

for 
13

C NMR ) using DMSO-d6 as a solvent. Thermal analyses measurements,(TGA and DTG) 

were recorded on a Rheometric Scientific lnc.1998, nitrogen flow rate 10 cm3/min and heating 

rate 10 c/min. Elemental analysis,(CHN) was performed in a CHNS – 932 LECO,apparatus. 
 

2.3 : Experimental part, 

2.3.1 : Preparation of azo ligands (L1 and L2) 

    The azo dye ligands L1 and L2 (Scheme 1) were prepared in the same way by dissolving 5 

mmol, (0.535 and 0.545g) of para-toluidin and 3-aminophenol respectively in 10 mL of distilled 

water containing (2 mL) of conc. HCl this mixture was stirred until a clear solution was 

obtained. The mixture was cooled to 0–5 ºC and a cold solution of sodium nitrite,(0.38 g) in 

water (5 mL) was then added dropwise,during 5 minute and the reaction mixture was further 

stirred for 20 min in an ice bath at 0–5 ºC to form the diazonium,salt. This solution was then 

added to a solution containing 5mmol (0.901g) of 3-tert-butyl-4-hydroxyanisol dissolved in 80 

mL of ethanol which contained 1.5g of NaOH with keeping temperature at 0–5 ºC. The resulting 

violet solution,was stirred for 60 minute. The mixture,was kept in refrigerator,for over night and 

acidified,with dilute HCl to pH=6[26]. The product was collected,by filtration and washed,with 

distilled water and dried at room temperature,overnight, and finally recrystallized twice from 

ethanol. The purenss of the azo dye ligand was chacked by TLC. 
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Scheme 1: Synthesis of ligand L1 and L2 

2.3.2 : Synthesis of metal Complexes,,  

    Metal complexes were prepared by a solution of metal chloride containing (0.237g) and 

(0.17g), 1mmole of NiCl2.6H2O and CuCl2.2H2O respectively in 15mL ethanol. These solution 

were added to a solution of the ligand L1 and L2 (0.596g and 0.6, 2mmole) respectively in 

ethanol (25mL), in the presence of 1mL triethylamine as basic medium
 
[27]. The reaction 

mixture was then refluxed for 4-6 hours. The obtained solution was left for 1 h in the freezer[28]. 

The formed precipitates were filtered off, washed with ethanol, then with diethyl ether and dried 

in air. The physical properties and C.H.N analysis were shown in Table 1. 

  

Table 1: Physical properties and chemical analysis of azo dyes and their 

Complexes 

 

3. Results and discussion, 

3.1: FT-IR Spectra, 

    The main vibrational bands of the FTIR spectrum are assigned to the functional groups of the 

ligands L1 and L2. The spectrum of the L1 (Fig. 1) shows strong bands at 1  444 -1467 and 3446 

cm
-1

 that are assigned to the ν(N=N) and ν(OH) phenolic respectively. The spectrum of the L2 

(Fig. 2) shows strong bands at (1444-1469) and (3466) cm
-1

 that are assigned to the ν(N=N) and 

ν(OH) phenolic respectively. On complex formation, the bands of ν(N=N) are shifted to lower 

frequencies by these shifts confirm the coordination of the L1 and L2 through the oxygen of the 

phenol group and nitrogen of azo group with the metal ions. The spectra of all metal complexes 

excepted L1Cu complex showed medium and weak broad bands around (3417-3456) cm
-1

 

suggesting the existence of water molecules out of coordination sepher (Fig. 3 and 4). The 

Elemental analysis % 

Calculated (found) 
μeff 

( B.M ) 

ɅM 

(Ohm-1.cm2. mol-1) 

Yield 

% 
m.p  ºC 

Colour 
Empirical formula 

M.wt. 
Comp. 

C              H             N 

--- --- --- --- --- 88 120-122 Red 
C18H22N2O2 

298 
L1 

7.73 
(7.17) 

6.90 
(6.15) 

59.66 
(58.42) 

2.91 9.9 66 218-220 
reddish 
brown 

C36H50N4O8Ni 
724 

L1Ni 

8.52 

(7.92) 

6.39 

(6.01) 

65.75 

(63.21) 
1.68 4.3 76 229-230 brown 

C36H42N4O4Cu 

657 
L1Cu 

--- --- --- --- --- 84 153-155 
Dark 

orange 

C17H20N2O3 

300 
L2 

7.50 
(7.08) 

6.43 
(5.87) 

54.69 
(53.43) 

2.87 8.9 72 < 300 brown 
C34H48N4O11Ni 

746 
L2Ni 

8.24 

(7.84) 

5.89 

(5.71) 

60.08 

(58.92) 
1.66 13.8 71 < 300 

Dark 

brown 

C34H40N4O7Cu 

679 
L2Cu 
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spectra of the complexes exhibit weak bands between (459-493) cm
-1

 and (520-594) cm
-1

 which 

are attributed to ν(M-N) and ν(M-O) respectively. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1: FT-IR Spectrum of the L1  
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2: FT-IR Spectrum of the L2  
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3: FT-IR Spectrum of L1Cu  
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Figure 4: FT-IR Spectrum of L1Ni 

3.2: 
1
HNMR Spectra,of ligands 

     The 
1
HNMR, spectrum,was recorded in DMSO-d6 solution using TMS as internal standard. 

The signal observed at δ 2.49 ppm lead to DMSO-d6. The 
1
HNMR  spectrum,of the 

ligand,L1(Fig. 5) show four singlet,signals, one of them,at δ 11.45ppm (1H) attributed,to the 

phenolic OH group and the other signal at δ 3.76 and 2.39 ppm due to OCH3 and CH3 group 

respectively,and a signal at δ 1.41 ppm(9H) due to t-But group, the multiple,signal in the range δ 

6.95 – 7.96 ppm(6H) attributed,   to aromatic protons. The 
1
HNMR  spectrum of the ligand L2 

(Fig. 6) show also four singlet signal, one of them at δ 3.77 ppm (1H) attributed to OCH3 group 

and the other signal at δ 11.8 and 9.8 ppm due to phenolic OH and OH amine group respectively 

and a signal at δ 1.41 ppm(9H) due to t-But group, the multiple,signal in the range δ 6.93– 7.48 

ppm(6H) attributed to aromatic protons. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 5: 
1
H NMR Spectrum,of L1 

 

 



  
Journal of Kufa for Chemical Science Vol(2).No(8) ………………..……….……….May 2022 

 

149  

 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 6: 
1
H NMR Spectrum,of L2 

3.3: 
13

CNMR Spectra 
13

CNMR spectrum of the L1 ligand (Fig. 7). appears various signals at δ 103.44-152.31 ppm lead 

to carbon atoms of aromatic rings. The peak at δ 55.82 is assigned to the carbon of OCH3 group 

and δ 21.51 ppm due to carbon,of CH3 group, peak at δ 29.61 and 35.25 due to carbon of t-But 

group.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

Figure 7: 
13

C NMR Spectrum,of L1  
 

3.4: Mass Spectra of ligands, 

    The mass spectrum,of the ligand L1(Fig. 8) shows the molecular ion at m/z 298.3 This peak 

undergoes fragmentation to produce peak at m/z 283.3 by losing of methyl molecular. The peaks 

at m/z 192, 179, 137, 119 and 107 are indicated the breakage of parts of the ligand. The peak at 

m/z 91.2 with relative abundance 100% (base peak) corresponds to the ion [C7H7]
+
. The mass 

spectrum of the ligand L2 (Fig. 9) shows the molecular ion at m/z 300.1 with relative abundance, 
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100% (base peak). This peak undergoes fragmentation to produce peak at 285.1 by losing of 

methel molecular. The peak at m/z 192.1 corresponds to the ion [C11H14O2N]
+
.  

 

 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 8: Mass Spectrum,of L1 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 9: Mass Spectrum,of L2 

3.5 : Uv–Vis spectra,  

    The Uv–visible spectra of the ligands (L1,L2) and their complexes were recorded in ethanol 

solution (1x10
-3

 M) at room temperature. The electronic spectra of L1 and L2 (Fig. 10 and 11) 

respectively showed Uv absorption peaks at 254–257 and 328–337 nm which may be allocated 

to π→π* transition of aromatic ring [29]. The visible band (439 and 440 nm) can be attributed to 

π → π* transition involving the entire electronic system of the azo-dyes [30]. After coordination, 

π→π* transitions were observed at slightly higher wavelength in the complexes. The new bands 

observed in Cu (II) complexes (Fig. 12) at 523–544 nm attribute to ligand to metal charge 

transfer [31]. These spectral features support the tetrahedral geometry around Cu (II) center [32]. 

The spectra of Ni complexes (Fig. 13) were exhibited three absorption peaks at 246-253, 327-

330, 429-439 nm which were described to ligand field and charge transfer. Peaks at 580, 629 and 

635 nm were assigned to electronic transition type 
3
A2g(F) → 

3
T1g(P), 

3
A2g(F)  → 

3
T1g(F) and 

3
A2g(F)  → 

3
T2g(F) [33] . 
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3.6: Magnetic,susceptibility,, 

    The magnetic,susceptibility,data of metal complexes were recorded at room temperature. 

Because,of the presence of two unpaired electrons in the L1Ni and L2Ni complexes the,magnetic 

moment value is 2.91,and 2.87 B.M respectively (Paramagnetic), implying high spin and regular 

octahedral geometry (t2g
6
 eg

2
) with Sp

3
d

2
 hybridization[34]. The magnetic moment of the L1Cu 

and L2Cu complexes is 1.68 and 1.66 B.M respectively, due to the presence of one unpaired 

electron in the d-orbital, which could be a tetrahedral,structure with sp
3 

hybridization. 

3.7: Elemental Analysis,and Molar Conductivity,of Complexes 
    Table 1 contains the results of elemental analysis of the synthesized metal complexes, along 

with their physical properties. The metal complexes are partially soluble in most organic,solvents 

but completely soluble in dimethylformamide and dimethylsulphoxide. The results of the 

complexes elemental analyses indicate that metal ions react with the azo dye ligand in a 1:2 ratio, 

(metal:ligand). Based on these results, the corresponding probable formulae of the metal 

complexes were suggested as given in the same table. The low molar conductance values 

measured in DMF (10
-3

 M) solution fall in the (ΛM = 4.3–13.8 Ω
−1

 cm
2
 mol

−1
) range, indicating, 

the non electrolytic nature of these complexes.    

 

3.8: Thermogravimetric Analysis, 

    Thermogravimetric analysis (TG) of coordination compounds provides very idealistic 

information on their structures, thermal properties, intermediate nature, and final products of 

thermal decomposition stages. The TGA and DTG curves of Ni(II) and Cu (II) complexes were 

recorded at an ambient temperature up to 700°C under N2 gas flow and a heating rate suitably 

controlled at 10 °C/min. The stages of decomposition, temperature range, DTG peak 

temperature, decomposition product loss as well as found and the calculated mass loss 

percentages were shown in table 2.  

The TG curve of L1Cu complex (Fig. 14) showed stability up to 225 ᵒC, there is no crystalline 

water or coordinated water in this complex because up to a temperature of 225 °C there is no 

weight loss [35,36]. Therefore the first step began at 225°C which represent the decomposition 

of ligand parts. The L2Cu complex undergoes decomposition in two steps, the first step in the 

rang 30-180 °C which represent a loss one lattice water molecule, (theoretical 2.65%, found 

2.38%) . The second step at 200-420 °C with present loss 48.96 (theoretical 49.01%) which may 

be attributed to loss C22H28O2. The L1Ni (Fig. 15) and L2Ni complex undergoes decomposition 

in three steps, loss rates are shown in the table 2, first step refers to loss crystalline water 

molecule, the second step correspond to the loss two coordinated water molecule. The third step 

represents the decomposition of ligand parts[32].  

 

Table 2: Thermal decomposition data of the Complexes 
 

 

 

 

 

 

 

 

 

 

 

Assignment 
Mass loss % DTGmax 

°C 
TG range °C stage complex 

Calcu. Found 

C22H28O2 49.31 49.11 250 225-310 I L1Cu 

H2O 2.65 2.38 50 30-180 II 

L2Cu 
C22H28O2 49.01 48.96 375 200-420 II 

2H2O 4.97 4.76 80 30-120 I 

L1Ni 2H2O 5.23 5.05 200 125-230 II 

C10H24 22.08 22.01 275 240-330 III 

3H2O 7.23 7.05 70 30-120 I 

L2Ni 2H2O 5.20 5.11 220 150-290 II 

C12H10O2 28.35 28.07 365 300-460 III 
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Figure 10: Uv-V is spectrum,of the L1    Figure 11: Uv-V is spectrum,of the L2 

 

 

 

 

 

 

 

  Figure 12: Uv-Vis spectrum of the            Figure 13: Uv-Vis spectrum of the       

  L1Ni complex                                                    L1Cu complex     
 

 

 

 

 

 

 

 

  

 

 

 

Figure 14: TG and DTG Curve of complex L1Cu 
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Figure 15: TG and DTG Curve of complex L1Ni 

Conclusions, 

The azo ligands and their metal complexes with Ni(II) and Cu(II) were characterized by FT-IR, 

Uv–Vis, 
1
HNMR and 

13
CNMR spectroscopy, as well as elemental analysis and 

thermogravimetric analysis. Because of the presence of unpaired electrons, the magnetic 

moments of synthesized complexes are 2.91, 2.87 and 1.68, 1.66 B.M for  Ni(II) and Cu(II) 

complexes, respectively. For all complexes, the molar conductivity value is consistent with that 

of non-electrolytes. The synthesized complexes are coordinated by N of azo group and the 

deprotenated phenolic oxygen. The octahedral geometry has been suggested,to Ni(II) complexes, 

while tetrahedral of Cu(II) complexes.The thermal stability of complexes were studied by TG-

DTG diagrams and it was found that the complexes had good,thermal stability, and some 

complexes do not contain crystalline,water.  

Based on the diagnostic methods and the results of analytical and spectroscopic measurements 

the metal complexes can be formulated as presented in (Fig. 16). 
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Figure 16:Chemical Structure of complexes 
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