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ABSTRACT 
 
In the present research article, we describe the synthesis of metal chelate 

polymers compounds also called as metal coordination complexes or polymer 
complexes by refluxing the metal acetate and bis ligand as 1:1 stoichiometry. 
Adipylbis-phenyl carbamide (ABPC) which acts as bis ligand for the preparation of 
chelate polymers of Mn(II), Co(II), Ni(II) and Zn(II). Based on elemental 
measurements, infrared, magnetic, and reflectance spectra structure of ligand and 
chelate polymers was affirmed. Thermal decomposition behavior of Mn(II), Co(II), 
Ni(II), Zn(II), polymers with adipylbis-phenyl carbamide (ABPC) has been 
investigated by thermogravimetric analysis (TGA) at heating rate 10 °C min-1 under 
nitrogen atmosphere. Freeman–Carroll, Sharp–Wentworth methods were used to 
calculate the thermal activation energy (Ea) the order of reaction (n), entropy change 
(∆S), free energy change (∆F), apparent entropy (S*), and frequency factor (Z). 
 

Keywords: Magnetic measurements, bis-ligands, chelate polymers, thermal properties. 
 
INTRODUCTION 

 
The compounds of the chelate polymer have fascinated insightful attention not only 

due to their interesting framework topologies but also their thermal stabilities for this reason; 
it is interesting in different research applications. Great efforts have recently been made to 
synthesize and study into the new thermally stable chelate amine compounds. These aromatic 
amine compounds are wide applications in a variety of fields like coating, laminate, 
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photoresist, electrically conductive thermal properties, and1. Thermal actions of different 
material types and their thermogravimetry (TG) have been extensively studied in 
decomposition processes, differential thermal analysis (DTA), differential thermal gravimetry 
(DTG), differential scanning calorimetry (DSC), and flash DSC method. Currently, polymeric 
materials thermal and thermo-oxidative degradation of metal complexes, medicinal plants 
leaves, and thermoplastic starch is obtained by thermoanalytical methods2-10. Different studies 
have been completed on warm stability, blend, morphological, and transition metal-organic 
coordination polymers with a derivative of dicarboxylic applications11-13. Despite its beneficial 
importance, synthesis of polydentate ligands, and design in there are very few glib in 
contemporary coordination chemistry methods for the generation of functionalized and high 
yielding methods scaffold ligand14-19. 

In different areas, thermal analysis methods are extremely useful. A thermal analysis 
is a valuable technique because researchers use it to test the behaviour of thermal 
decomposition, melting, stability, kinetic triplets, and the parameter of thermodynamics. 
Additionally, it is utilized at each step to compare their thermal stability of decomposition of 
different materials, like coordination polymers, chelate polymers, terpolymers, complexes of 
polymer-metal, inorganic polymers, ferrites, sphalerites, composites, complexes20-21. The 
ligand derived from adipyl bis p-chlorophenyl urea and its coordination polymers with  Mn(II), 
Co(II),Cu(II) and Zn(II) were prepared. X-ray diffraction studies have investigated the crystal 
structure and lattice parameters of this newly synthesized coordination22. Chaudhary and co-
workers studied the high thermal stability of coordination polymers is due to the presence of 
chelation and heterocyclic ring formation23. 

A perusal literature shows that the chelate polymers of adipylbis-phenyl carbamide 
(ABPC) with the first transition series metal ions have not been studied yet. Hence in the 
present research article, we describe the synthesis and structural characterization of some new 
chelate polymers of Mn(II), Co(II), Ni(II), and Zn(II) with ABPC were reported. Further, the 
thermal properties of chelate polymers were analyzed by Freeman-Carroll and Sharp-
Wentworth method. 
 
EXPERIMENTAL 
 
Materials 
 

The entire chemicals utilized were of Analytical grade (Merck). Solvents were 
purified by the standard methods. 
 
Instruments 
 

The elemental analysis, carbon, hydrogen, nitrogen was obtained from CDRI 
Lucknow micro-analytical unit, India. The IR spectra have been documented on IR 
spectrophotometer in KBr pellets from SAIF, CHANDIGARH PUNJAB, India. The magnetic 
measurements are carried out by Gouy's method at room temperature using Hg[Co(NCS)4] as 
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a standard. In each polymer, the metal content was established by the classical oxide method. 
At STIC, COCHIN thermogravimetric study was carried out on a Perkin Elmer TGA/DTA, in 
air with 20 ᵒC min−1 heating rates.  
 

Synthesis of ligand 
 

Phenyl amine hydrochloride (0.5 m mol) was condensed with carbamide (2 m mol) 
and 200 mL distilled water, put in one litre round bottom flask and shaken to obtain clear 
solution. Afterwards, 4 mL of conc. HCl and 4 mL of glacial acetic acid were applied using 
water condenser then reflux. The white crystals were obtained after 40-45 min. The collected 
substance was filtered and dried24. 
 

Synthesis of chelate polymers 
 

Four coordination polymers have been orchestrated in the current work. Coordination 
polymers were separately synthesized into 25 ml hot dimethylformamide by dissolving metal 
acetate (10 mmol) and ligand (5 mmol) (Fig. 1). In hot conditions, metal acetate and bis-ligand 
solutions were filtered and the mixture was refluxed in an oil bath. At 120- 140°C, the 
temperature of the reaction mixture was maintained. Afterward 20–24 h the coordination 
polymers emerge out. The products obtained were filtered, thoroughly washed with hot 
dimethylsulphoxide, dimethylformamide, and alcohol was used to eliminate the unresponsive 
reactant, if any present. Finally, the polymers were dried. Repeated washing with hot DMF 
and ethanol has determined the purity of products. At room temperature, the polymers obtained 
were stable. They were characterized by elemental analysis, IR spectroscopy, diffuse 
reflectance, and magnetic measurements were defined by synthesized coordination polymers 
to allocate the geometry. 
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Fig.1. Synthesis of chelate polymers 

 
RESULTS AND DISCUSSION 
 

Elemental analysis 
 
The synthesized chelate polymer was analysed for carbon, hydrogen, nitrogen, at the 

CDRI Luknow, Gujrat India. The results are presented in Table 1. The elemental analysis data 
are in good agreement with the theoretical (calculated) data. The elemental analysis data were 
used to assign empirical formula and empirical weight to chelate polymer.  
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Table 1: Elemental analysis Chelates polymer 
 

Proposed Polymeric Unit 
Elemental Analysis 

Theoretical Experimental 
% C % H % N % M % C % H % N % M 

[Mn(II)(ABPC)]n 55.18 4.63 12.87 12.62 55.00 4.56 12.70 12.59 
[Co(II)(ABPC)]n 56.68 4.59 12.75 13.41 56.65 4.60 12.73 13.40 
[Ni(II)(ABPC)]n 54.71 4.59 12.76 13.37 54.70 4.61 12.75 13.35 
[Zn(II)(ABPC)]n 53.89 4.50 12.57 14.67 53.86 4.50 12.54 14.60 

 

Fourier transforms infrared spectra 
 

The expansive band at 3435cm−1 is seen in the infrared spectrum of the ligand ABPC, 
which can be attributed to the extending vibration of the NH-group25. At 1660 cm−1 the sharp 
band shows up which might be because of the C=O stretching vibrations as shown in Fig. 226. 
As a result enolization, band saw at 1660 cm−1 in ligand vanishes in chelate polymers. This 
was confirmed by the fact that bands observed in the ABPC ligand at 1560 cm−1 due to the 
C=O stretching mode are moved towards lower frequencies, i.e. 1555–1600 cm−1 in chelate 
polymers, clearly indicates that the C=O band disappeared as a result of enolization and metal 
coordination due to the formation of the C=N bond. Powerless band occurs in the 631-665 
cm−1regionsin which the formation of the M-O bond (metal-oxygen) can be traced to the 
chelate polymers27. The M-N (metal nitrogen) bond can be attributed to the presence of a weak 
band in the range 450–500 cm−1.  The ligand and chelate polymers significant IR spectral data 
are presented in Table 2. 
 

Table 2: IR spectral assignments of the ligand and chelate polymers (cm-1) 
 

Chelate polymers -CH2- -NH- C=O- -C=N- C-O M-O M      N 
ABPC Ligand 2925 (b) 3431 1712 - - - - 
[Mn (II)(ABPC)]n 2900 (b) 3420 - 1558 1115 625 465 
[Co (II)(ABPC)]n 2892 (b) 3411 - 1551 1109 631 430 
[Ni(II)(ABPC)]n 2920 (b) 3415 - 1570 1100 655 490 
[Zn(II)(ABPC)]n 2885 (b) 3405 - 1537 1150 660 475 

 

 
Fig. 2. IR spectra of [Cu2+(ABPC)]n chelate polymers 



 Yashpal Uttam Rathod, et al., J. Chem. & Cheml. Sci. Vol.10(11), 340-346 (2020)  

344 

Electronic spectral and magnetic susceptibility of the chelate polymers 
 

Within the [Co(II)-ABPC]n chelate polymer groups show up at 14.58 kK might be 
allotted to the 4A2→4T1(P) progress in the tetrahedral field28. 6A1→4E(G) transition tetrahedral 
field can be attributed to the [Mn(II)-ABPC]n chelate polymer band at 23.82.In [Ni(II)-
ABPC]n chelate polymer The bands appear at 15.18 kK can be allotted to 3T1→3T1(P) 
transitions in the tetrahedral field, which is further confirmed by the value of magnetic moment 
(3.9 BM).The [Zn(II)-ABPC]n chelate polymer is diamagnetic and has tetrahedral geometry. 
Magnetic susceptibility and electronic spectral data is shown in Table 3. 
 

Table-3: Electronic spectral and magnetic susceptibility data of chelate polymers 
 

Chelate polymers Colour μef (B. M.) 
Electronic spectra 

Stereochemistry Absorbance 
(kK) Assignments 

[Mn (II)(ABPC)]n 
Light 
pink 5.63 23.82 6A1-4E(G) Tetrahedral 

[Co (II)(ABPC)]n Pink 4.52 14.58 4A2-4T1(P) Tetrahedral 
[Ni(II)(ABPC)]n Green 3.99 15.18 3T1-3T1(P) Tetrahedral 
[Zn(II)(ABPC)]n White Diamagnetic - - Tetrahedral 

 
Thermal analysis of the chelate polymers 
 

The most beneficial and operative approach to assess the thermal degradation pattern 
of a polymer is the thermogravimetric technique. By heating the polymer sample in air at 
10°C/min the thermogram is obtained. The thermogravimetric curves (Fig. 3) of [Mn(II)-
(ABPC)]n, [Co(II)-(ABPC)]n, [Ni(II)-(ABPC)]n and [Zn(II)-(ABPC)]n chelate polymers 
suggests the lack of lattice water and the coordination water and their temperatures of 
decomposition are 330, 370, 389, 374 °C respectively. 

In the current analysis, all the chelate polymers show the no weight loss of due to the 
absence of lattice and coordinated water molecules between the temperature range 120- 210◦C. 
Afterward a gradual mass loss was seen from 210-510◦C which may be due to the 
decomposition of ligand attached to the metal ion and then no mass loss was observed after 
510 ◦C, due to formation of the stable metal oxide. As proposed based on spectral and magnetic 
studies this supports the tetrahedral geometry for all chelate polymers. The energy of thermal 
activation was measured employing Freeman–Carroll29 and Sharp–Wentworth30 methods. The 
degradation of the chelate polymers at elevated temperatures is found to be a complex process. 
Thermodynamic parameters such as entropy change (∆S), free energy change (∆F), apparent 
entropy (S*), frequency factor (Z), and order of reaction have also been determined and the 
values for each chelate polymer are almost identical, suggesting that all chelate polymers have 
similar form of reaction mode. The negative value of (∆S) means that there is a more ordered 
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structure of the activated complex than the reactants and reactions are slow. Table 4 gives the 
essential thermal data. 

Table 4: Thermal data of chelate polymers 
 

Chelate 
polymers 

Activation 
energy Ea 
(kJ/mol) 

Entropy 
change 

∆S (JK-1) 

Free 
energy 
change 

∆F (JK-1)

Frequency 
factor Z 

(S-1) 

Apparent 
entropy 
change 

S* (JK-1) 

Order 
of 

reaction 
(n) 

Decomposition 
temperature 

(°C) 
SW FC 

[Mn (II)(ABPC)]n 19.77 20.41 -152.9 94.26 214.21 -206.18 0.54 330 
[Co (II)(ABPC)]n 20.93 22.14 -153.3 9312 177.07 -208.26 0.70 370 
[Ni(II)(ABPC)]n 20.75 20.38 -155.32 90.74 186.85 -208.9 0.86 389 
[Zn(II)(ABPC)]n 24.90 24.96 -152.3 94.72 232.7 -206.08 0.70 374 

 

 
Fig. 3. Thermogravimetric curves of polychelates 

 

CONCLUSIONS 
 

In the investigation of thermal decomposition of some metal chelate polymer 
compounds and a particular ligand with different metal ions under nitrogen atmosphere at a 
heating rate 10°C min-1. Comparative studies were reported from the point of view. In almost 
all the organic solvents, newly synthesized chelate polymers are coloured and insoluble. TG, 
DTA, CHN, and IR spectroscopy have confirmed the existence of several lattice and 
coordinated water. The chelate polymer compounds are found to be thermally stable based on 
TG/DTA analysis, but Ni(II) was somewhat highly thermally stable compared to other chelate 
polymer compounds.  The thermal stability of chelate polymers follows the order: 
Ni(II)>Mn(II)>Zn(II)>Co(II). 
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