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ABSTRACT 

4-(R-Phenylazo)-2-methyl quinoline derivatives form (1:1) complexes with nickel chloride, nickel acetate and copper 
acetate which were syntheses. The three complexes are non-electrolyte in dimethylsulfoxide (DMF). The results of elec-
tronic and magnetic measurements show that these complexes are of octahedral structures. The oxygen and nitrogen 
donate their lone-pair electrons to metal ion to form chelates with formula [MLRm·nH2O]. The relative stabilities of the 
complexes have been calculated from TG curve using Coats-Redfern and Ozawa methods. 
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1. Introduction 

Azo compounds have been the subject of numerous spec-
tral studies aimed at their identification or structural elu-
cidation [1-4]. Interest in azo compounds stems from 
their ability to form metal chelates with metal ions [5,6]. 
The synthesis and characterization of new metal chelate 
derived from the kinaldine azo dye have been reported 
[7], but no report concerning the solid-state kinetics of 
such complexes has been published.  

The aims of the present investigation are the prepara-
tion and elucidation of the geometrical structure of the 
metal chelates formed between divalent transition metal 
ions with different counter ions of acetate or chloride. 
The kinetics of the thermal decomposition of the azo dye 
complexes was also studied using dynamic thermogra-
vimetric techniques. 

2. Experimental  

2.1. Material  

All chemicals were used of pure grade (BDH or Aldrich). 
The preparation of the kinaldline azo dye followed the 
procedure described in the literature [7]. The chemical 
structure of this compound is shown in Figure 1. 

2.2. Synthesis of Metal Chelates 

The metal chelates were prepared by mixing equal vol-

umes (40 ml) of hot ethanolic solutions of kinaladine azo 
dye and the metal salts (0.02 mol) Cu(OAc)2·H2O, 
(Ni(OAc)·2H2O or (NiCl2·6H2O). The mixture left for 3 
hours in steam bath, to adjust the pH to 6 - 8 by adding 
few drops of ammonia solution with continuous starring. 
The precipitate is washed with mixture of distilled water 
and ethanol until the filtrate becomes colorless; the che-
lates were collected and dried.  

3. Results and Discussion  

The stoichiometric ratio is (1:1) between the metal and 
ligand, the formulas of the three complexes under invest- 
tigation are [M LR mX. nH2O]·yH2O, where M = Ni or 
Cu, X = OAc or Cl, m = 1, n = 3, y = 1, and LR repre- 
sents 4-(R-phenylazo)-2-methyl quinoline derivatives, R 
= P-NH2 (L1) or R = p-COOH (L2) respectively. The 
calculated values of the suggested structural formula of 
the chelates are in good agreement with the values ob- 
tained from elemental analysis data (Table 1) dimethyl- 
sulfoxide was used as solvent at 25˚C to calculate the 
molar conductivities of the chelates which was found to 
be 13.25 - 20.2017 Ohm−1, these value are in non-elec- 
trolytic region which mean these chelates are of non- 
electrolytic nature [8,9]. 

The water of hydration or coordination appear in the 
IR spectra of all metal chelates causes difficulty in 
drawing conclusions from the ν(OH) band for the hy- 
droxyl groups of the free ligand, which would overlap  
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those of water molecules. The participation of the hy-
droxyl group in the chelation is confirmed by the ap-
pearance of new band at 420 - 540 cm−1, which is related 
to νM-O vibrations [10]. The band at 370 - 400 cm−1 
corresponds to ν (M-N) vibrations, [11] whereas the band 
at 340 - 350 cm−1 is attributed to ν(M-Cl) vibrations [12]. 
The bands at 1580 - 1420 cm−1 correspond to the ν(C=O) 
and ν(C-O) vibrations of CH3COO− [13], respectively. 

Thermogravimetric Analysis  

D Thermal analysis were performed on chelates of 
[CuL1(OOCCH3)(H2O)3]·H2O (I); [NiL1Cl(H2O)3]·H2O 
(II); and NiL2 (OOCCH3) (H2O)3]·H2O (III). From TG 
curves weight loss at 120˚C is assigned to the loss of 
hydrate water. The coordinate water in the metal chelates 
is lost in the second step in the range 120˚C - 220˚C. For 
the complexes (I-III), the weight losses are approxi-
mately 3.15%, 4.03% and 3.57%, respectively, for the 
loss of a single water of hydration from the complexes. 
The weight losses of 11.96%, 12.17% and 10.74% for 
complexes (I-III), respectively, represent the removal of 
three coordinatively bounded water molecules from each 
of the complexes (I-III). From the TG curves in Figures 
2 to 4, the remaining weight losses were 8.4%, 13.9% 
and 8.5% at a heating rate β = 15˚C/min; 13.9%, 15.5% 

and 11.0% at a heating rate β = 20˚C/min; and 16.5%, 
17.5% and 13.5% at a heating rate β = 25˚C/min for 
complexes (I-III), respectively. These weight percentages 
are in good agreement with the values given in Table 1, 
for the complexes with the formulas suggested in Figure 
5.  

The TG results provide evidence for the formation of 
two types of oxides, depending on the heating rate. At 
aslow heating rate, the non-stoichiometric oxide of for-
mula M1-xOx (0.1  x  0.5) formed, whereas the ideal 
oxide of suggested formula MO formed at the higher 
heating rate of 25˚C/min for all of the complexes.  

The kinetics parameters, including the order of the 
decomposition (n), the activation energies (Ea), the fre-
quency factors (Z) and the activation entropy (ΔS#), 
were calculated from the TG curves for runs performed 
in air in the temperature range of 200˚C - 600˚C using 
the Ozawa [14] and the Coats-Redfern methods [15]. The 
values of n, Ea, Z and ΔS# are given in Table 2. The 
mechanism involved in the decomposition is that of ran 
dom nucleation. The complexation of the quinolineazo 
dye derivatives with the transition-metal ions Ni(II) and 
Cu(II) in the presence of different counter-ions requires 
different amounts of energy, which may be due to the 
differences in the electronic configurations of the transi- 
tion metals or to the existence of water molecules in the  

 
Table 1. Elemental analysis, thermogravimetric analysis and molar conductance results for metals chelated with 4-(R-phe- 
nylazo)-2-methylquinoline derivatives. 

% C % H % N % M % H2O % Cl 

Compd. Formula Calc. 

(found) 

Calc. 

(found)

Calc. 

(found)

Calc. 

(found)

Calc. 

(found)

Calc. 

(found) 

m molar conductance 
ohm−1·cm2·mol−1 

I [CuL1(OOCCH3)(H2O)3]H2O 
45.81 

(45.75) 

3.39 

(3.34) 

11.88 

(11.70)

13.45 

(13.39)

15.27 

(15.11)
- 20.17 

II [NiL1Cl.(H2O)3]H2O 
43.32 

(43.15) 

2.93 

(2.84) 

12.63 

(12.50)

13.24 

(13.18)

16.25 

(16.20)

8.01 

(7.75) 
13.25 

III [NiL2(OOCCH3)(H2O)3]H2O 
46.00 

(45.540 

3.03 

(2.99) 

8.47 

(8.22) 

11.84 

(11.76)

14.52 

(14.30)
- 19.34 

 
Table 2. Thermal kinetics parameters and results of magnetic measurements of metals chelated with 4-(R-phenylazo) 2-me- 
thylquinoline derivatives. 

Compd. Order of reaction (n) Equation due to 
Temperature range of 

decomp. (˚C) 
Ea 

kJ·mol−1 
Z 

S−1 
−S# 

kJK−1·mol−1 
eff 

B.M 

Coats-Redfern 111.70 31.50 96.34 
I 0.76 

Ozawa 
220 - 350 

96.03 12.80 99.59 
1.82 

Coats-Redfern 123.08 20.80 97.64 
II 0.83 

Ozawa 
190 - 320 

110.50 30.40 96.30 
3.22 

Coats-Redfern 114.88 39.8 95.70 
III 0.68 

Ozawa 
210 - 380 

98.70 18.60 98.50 
3.15 
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Figure 1. The chemical structure of kinaldine azo dye. 
 

 
(a) 

 
(b) 

 
(c) 

Figure 2. (a) TG curves of 4-(R-phenylazo)-2-methylqui-
noline complexes (I); (b) Cats-Redfern method of analysis; 

 
(a) 

 
(b) 

 
(c) 

Figure 3. (a) TG curves of lazo)-2-methylqui-

uter sphere, in addition to differences in several ex-

helates of quinoline azo dye deri-

 4-(R-pheny
noline complexes (II); (b) Cats-Redfern Method of analysis; 
(c) Ozawa method of analysis. 
 
o
perimental factors. These factors may also influence the 
activation-energy values (Ea) that pertain to the thermal 
stability of the azo dye quinoline derivatives with Cu(II) 
and Ni(II) in the presence of different anions; these sta-
bilities are arranged in the order II  III  I.  

4. Conclusions 

The Ni(II) and Cu(II) c
vatived in the presence of different counter ions indicate 
octahedral arrangements which were obtained from the 
electronic spectral data and the magnetic moment values.  (c) Ozawa method of analysis. 
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(a) 

 
(b) 

 
(c) 

Figure 4. (a) TG curves o4 -phenylazo)-2-methylquino- -(R
line complexes (III); (b) Cats-Redfern method of analysis; 
(c) Ozawa method of analysis. 
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Figure 5. Suggested structural formulas of the Cu(I  and
Ni(II) chelates. 
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