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Abstract 

 
The present research paper describes the green route for synthesis and thermal decomposition studies of newly synthesized Cu (II), Ni 

(II), Pt (II) and Pd (II) complexes from Schiff base ligand P-Methoxy Isonitroso Acetophenone (p-MINAP). The reaction of ligand P- 

MINAP with metal salts of Cu (II), Ni (II), Pt (II) and Pd (II) results in the formation of respective metal complexes by green synthesis 

till upto 90%. The compounds were characterized on the basis of elemental analysis, infrared (IR), ultraviolet-visible and 
1
H-nuclear 

magnetic resonance spectroscopic techniques. Thermal stability and decomposition behavior of complexes have been studied with the 

help of thermogravimetric technique at a heating rate 20°C min
-1

 in a nitrogen atmosphere. 
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Introduction 

 
Metals which are essential for animal and plant nutrition are known to form chelates with materials present in the organism. 

Metal chelates are often intermediate products during catalytic action of enzymes. Therefore, the inorganic chemistry 

witnessed a great outflow of coordination compounds, with unique structutral characterisitics and diverse application [1-3]. In 

recent years, metal complexes with Schiff base shows much more potent antibacterial effect against some microorganisms 

than standard drugs [4-6]. In coordination chemistry, Schiff base play a vital role due to simplicity in their synthesis, different 

properties and medicinal applications. A number of transition metal complexes with Schiff base acts as an antibacterial and 

antifungal agents [7-9]. Schiff bases are considered to be very good chelating agents [10], especially when –OH functional 

group closed with azomethine group. This paper describes the synthesis of Ni (II), Pt (II) and Ir (II) transition metal 

complexes with the ligand namely p-methoxy isonitroso acetophenone (p-MINAP) have been characterized by various 

physicochemical technique namely Elemental Analysis, Infrared spectroscopy, 1H NMR spectroscopy and thermo gravimetric 

technique at a heating rate 20°C min−1 in a nitrogen atmosphere. 

 
Material and Methodology 

 
All the chemicals used were of analytical grade. Solvents used were of analytical grade and purified by standard procedures 

[11]. 

 
Preparation of Cu (p-MINAP)2 complex 

1:2 stoichiometric ratios of Copper Nitrate and (p-MINAP) were dissolved in minimum quantity of absolute alcohol and 

equal volume of distilled water. The copper nitrate solution was added to the reagent solution drop wise with constant stirring. 
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The pH of the resultant solution was adjusted to 6 –7 with HCl / NH4OH. A pinkish colored complex thus formed was digested 

on water bath for several hours; it was filtered, washed with distilled water& dried. It was recrystallized from chloroform and 

finally analyzed for copper, carbon, hydrogen and nitrogen. 

 
Preparation of Ni (p-MINAP)2 complex 

0.716 g of p-MINAP is dissolved in minimum volume of absolute alcohol and equal volume of water is added; 

similarly, 0.352 g of nickel acetate is dissolved in minimum volume of absolute alcohol and equal volume of water is added. The 

nickel salt solution is added to reagent solution drop by drop with constant stirring by maintaining the pH of solution mixture at 5 

– 5.6 using buffer tablets. The solution mixture is refluxed on sand bath at 80-100oC for several hours. The solid complex is 

formed. It was filtered, dried in air and analyzed for nickel, carbon, hydrogen and nitrogen. 

 
Preparation of Pt (p-MINAP)2 complex 

0.265 g of Platinum (II) chloride was dissolved in a minimum Volume of alcohol and equal quantity of water was 

added. Similarly 0.358 g of p-methoxy isonitrosoacetophenone was dissolved in a minimum quantity of alcohol and equal 

volume of water was added. The solution of Platinum was added to the reagent solution drop wise with continuous stirring in a 

conical flask. The pH was adjusted to 3.5 to 4.2 using buffer tablets. Then the solution was kept in a boiling water bath for  35 

minutes, a colored complex was separate out. It was filtered, washed with water and then alcohol, dried at 100oC for several 

hours and analyzed for Platinum, carbon, hydrogen and nitrogen. 

 
Preparation of Pd (p-MINAP)2 complex 

0.355 g of Palladium chloride was dissolved in a minimum Volume of alcohol and equal quantity of water was added. 

Similarly 0.716 g of p-methoxy isonitrosoacetophenone was dissolved in a minimum quantity of alcohol and equal volume of 

water was added. The solution of Palladium (II) was added to the reagent solution drop wise with continuous stirring in a conical 

flask. The pH was adjusted to 2.5 to 3.2 using buffer tablets. Then the solution was kept in a boiling water bath for 20 minutes, a 

colored complex was separate out. It was filtered, washed with water and then alcohol, dried at 100oC for 3 hours and analyzed 

for Palladium, carbon, hydrogen and nitrogen. 

 
Thermo analytical techniques 

Thermo gravimetric analysis and differential thermal analysis carried out by using Mettler Toledo Stare system 

simultaneous TGA-DTA at a heating rate of 20oC per minute in nitrogen atmosphere. 

 
Result and Discussion 

 
The synthesized compounds were colored, crystalline, stable in air, non-hygroscopic, and insoluble in water but soluble in polar 

solvent like DMF and DMSO. Composition and identity of the ligand and its metal complexes were carried out by elemental 

analysis and molar conductance are listed in Table 1 shows metal complexes have non-electrolyte nature [14]. The structure of 

the synthesized ligand and its metal complexes were established with the help of spectral techniques. The spectroscopic data for 

the newly synthesized metal complexes are in good agreement with proposed formulation. 

 
Table 1: Elemental analysis data of the Ligand and its metal complexes 

 
Compound 

 
Mol. Formula 

 
Colour 

Mol. 

Wt. 

C% 

Found 

(calc) 

H% 

Found 

(Calc) 

N% 

Found 

(Calc) 

O% 

Found 

(calc) 

Metal 

% 

Molar Condu. 

Sm
2
mol

-1
 

 
p-MINAP 

C9H9O3N yellow 179.16 
60.30 

(60.33) 

5.12 

(5.06) 

7.75 

(7.82) 

26.83 

(26.79) 
----- ---- 

Cu(p- 

MINAP)2 
Cu(C18H18O6N2) 

Light 

Green 
421.9 

51.30 

(51.25) 

4.25 

(4.30) 

6.60 

(6.64) 

22.82 

(22.75) 

15.03 

(15.06) 
7.35 

Ni(p- 

MINAP)2 
Ni(C18H18O6N2) Green 417 

51.80 

(51.84) 

4.39 

(4.35) 

6.74 

(6.72) 

23.02 

(23.02) 

14.05 

(14.07) 
3.2 

Pt(p- 

MINAP)2 
Pt(C18H18O6N2) gray 553.4 

39.10 

(39.07) 

3.29 

(3.28) 

5.02 

(5.06) 

17.37 

(17.35) 

35.22 

(35.25) 
9.5 

Pd(p- Pd(C18H18O6N2) Yellowish 464.75 46.50 3.92 6.05 20.61 22.92 10.2 
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MINAP)2    (46.52) (3.90) (6.03) (20.66) (22.90)  

 

Infrared spectra 

I.R. spectra (4000-400 cm-1) of the complexes are practically identical. The frequencies of some significant band of the 

free ligand and those of the metal complexes are reported in Table 2. The observed frequencies of different groups in the metal 

complexes have been assigned on the basis of literature data. 

 
The vO-H of the oxime group observed at 3317 cm-1 in (p-MINAP) is absent in the spectra of the complexes suggesting 

replacement of the oxime proton by the metal ion during complexation[15]. The peak observed near 1614, 1610 cm-1 in spectrum 

of Cu (p-MINAP)2, Ni (p-MINAP)2, Pt (p-MINAP)2 and Pd (p-MINAP)2 may be assigned to the perturbed vC=0 and/or vC=N 

stretching vibration involving bonding through oxygen, and nitrogen donor atoms. 

 
A band appears in the range 1300-1200 cm-1 is reported that N-oxide (N→O) stretching mode in aromatic ring 

compounds [16]. It is significant to note that for metal complexes reported to have coordination only through the oxime oxygen 

or nitrogen atoms only. 

 
This suggests asymmetrical five member ring structure. In Cu(II), Ni(II), Pt(II) and Pd(II) complexes two bands in the 

region cited earlier on asymmetrical structure with five member rings involving bonding through oximes nitrogen atom must be 

expected, such symmetrical structures. 

 
Table 2: Infrared Spectral Frequencies (4000 to 400 cm

-1
 ) of ligand and metal complexes 

 

 

Assignment 

 

p-MINAP 
Cu(p- 

MINAP)2 

 

Ni( p-MINAP)2 

 

Pt( p-MINAP)2 

 

Pd(p-MINAP)2 

Aromatic C-H 3018.70 3038.72 3046.07 3080.69 3071.76 

OH of =N-OH 3317.39 ----- ------- ------- ------- 

-C=O 1710.51 ----- ------- ------- ------- 

-C=N 1610.11 1617.68 1613.87 1610.15 1602.31 

-OCH3 2840.23 2840.32 2848.62 2861.93 2864.63 

=C-H 1440.12 1440.68 1442.49 1446.33 1443.22 

=N→ O ------- 1238.57 1236.42 1246.49 1243.82 

Para Substituent 766 790.32 793.31 783.46 782.46 

M-N ------- 627.30 621.81 645.57 657.17 

 
1
H NMR Spectra 

1H NMR Spectra of P-methoxy isonitroso acetophenone and its metal complexes such as Cu(p-MINAP)2, Ni(p-MINAP)2 , Pt(p- 

MINAP)2 and Pd(p-MINAP)2 in DMSO solution exhibit peaks due to -CH group, -OCH3 group & Ca and Cb of aromatic ring 

protons Ha and Hb while does not show any proton signal due to =N-OH group. This suggest that their metal complexes have 

been formed by the replacement of the proton of the =N-OH group by the metal ion. 

 
It is interesting to note that the peaks due to –CH protons in metal complexes appear at similar value compared to that of 

–CH proton in the reagent p-MINAP. Further signals of aromatic ring protons in these complexes occur at higher field side with 

respect to that of aromatic ring signal in P-methoxy isonitroso acetophenone. The donor atom is closest to the metal ion which 

involved in the formation of metal ligand bond. 
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Nuclear magnetic resonance signals observed in p-methoxy isonitroso acetophenone (p-MINAP) and its metal 

complexes are shown in Table 3. 

 
Table 3: Assignments of 

1
H NMR Signals in p-MINAP & Metal Complexes 

 

Compounds 
=NOH 

group 

Aromatic Ring – 

CaH group 

Aromatic Ring - 

CbH group 
-CH Group -OCH3 Group 

p-MINAP 8.48 7.92 7.60 2.42 3.90 

Cu(p-MINAP)2 ---- 7.94 7.68 2.44 3.84 

Ni(p-MINAP)2 --- 7.90 7.66 2.40 3.86 

Pt (p-MINAP)2 --- 7.96 7.68 2.42 3.92 

pd (p-MINAP)2 ---- 7.92 7.66 2.42 3.90 

All Values in δ scale 

 
Thermal analysis 

There are various methods of thermal analysis; some of the chief methods that are usually employed are TGA and DTA. 

This method may be defined as experimental methods for characterizing a system (element or compound) by measuring the 

changes in physical and or chemical properties taking place in the system as a function of increasing temperature with time. 

Agrawal et.al. [17] studied the thermal properties of Th(IV)-N-m-tolyl-m-nitrobenzohydroxamate, and suggested that exothermic 

peak above 200oC presumably may due to burning of organic matter. Bhave and Kharat [18] have studied the thermal properties 

of metal complexes of some chalk one oximes, isodithiobiurets etc. and found that after loss of hydrated/coordinated water, 

decomposition of the complex took place in a single step and the order of thermal stability for these complexes is Co(II)> Ni(II)> 

Cu(II). In general the water of hydration may be considered either as the crystal or as coordination water. The water eliminating 

below 150oC can be considered as the crystal water and water eliminating above 150oC may be due to its coordination to the 

metal ion [19-20]. 

 
The experimental results of thermo gravimetric analysis are incorporated in Tables 4-7 and figures 1-4. The complexes 

with p-MINAP have been studied by thermo gravimetric analysis and different thermal analysis techniques. All complexes are 

found to be stable at room temperature and water of molecules is not associated with them. On heating they start losing their  

weight with the loss of ligand by fragmentation and finally forming corresponding metal or metal oxides accordingly [21-23]. 

 
Cu (p-MINAP)2: The TGA curve of compound Cu(p-MINAP)2 shows a significant reduction in weight (60%) due to 

decomposition of compound at lower temperatures. The resulting decomposed compounds are not stable to heat and losing their 

weight gradually upto 500°C. 

Ni (p-MINAP)2: The TGA Spectrum of Ni(p-MINAP)2 shows continuous loss of moisture with an increase in temperature up to 

550°C. Almost 20% reduction in weight is observed. The sharp loss in weight is observed in TGA curve. This significant loss in 

weight may be due to decomposition of compound which is also supported by DTA curve. Formation of oxides of nickel is 

observed at 510°C by TGA & DTA thermo gram. 

Pt (p-MINAP)2: The TGA spectrum of compound Pt(p-MINAP)2 does not show the sharp reduction in the weight with respect 

to temperature, continuous gradual reduction of weight is observed upto 520°C and which is decompose completely at 520°C by 

forming oxides of platinum. 

Pd (p-MINAP)2: The TGA curve of compound Pd(p-MINAP)2 shows a significant reduction in weight (45%) due to 

decomposition of compound at lower temperatures. The resulting decomposed compounds are not stable to heat and loosing their 

weight gradually up to 490°C. The resulting compound undergoes decomposition above 490°C. 

 
TABLE 4. Result of Thermo gravimetric analysis of complex Cu (p-MINAP)2 

 

Temperature 
o
C Temperature 

o
K (T) % Residue % Mass loss 

(C) 

110.00 383 100 0.00 

130.00 403 99.16 0.84 

150.00 423 98.50 1.50 

170.00 443 97.69 2.31 
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190.00 463 97.05 2.95 

210.00 483 96.54 3.46 

230.00 503 95.22 4.78 

250.00 523 94.72 5.28 

270.00 543 93.35 6.65 

290.00 563 92.25 7.75 

310.00 583 67.33 32.67 

330.00 603 47.20 52.80 

350.00 623 43.27 56.73 

370.00 643 41.75 58.25 

390.00 663 40.98 59.02 

410.00 683 39.39 60.61 

430.00 703 35.16 64.84 

450.00 723 32.46 67.54 

470.00 743 30.64 69.36 

480.00 753 29.06 70.94 

490.00 763 28.49 71.51 
 

TABLE 5. Result of Thermo gravimetric Analysis of Complex Ni (p-MINAP)2 

Temperature 
o
C Temperature 

o
K (T) % Residue % Mass loss (C) 

170.00 443 100  

180.00 453 99.67 0.33 

200.00 473 98.84 1.16 

220.00 493 98.19 1.81 

240.00 513 97.49 2.51 

260.00 533 96.58 3.42 

280.00 553 95.04 4.96 

300.00 573 93.21 6.79 

320.00 593 90.56 9.44 

340.00 613 85.01 14.99 

360.00 633 80.65 19.35 

380.00 653 77.33 22.67 

400.00 673 72.48 27.52 

420.00 693 68.03 31.97 

440.00 713 61.9 38.1 

460.00 733 51.96 48.04 

480.00 753 40.31 59.69 

490.00 763 38.01 61.99 

500.00 773 34.07 65.93 

510.00 783 32.35 67.65 

 
TABLE 6. Result of Thermo gravimetric Analysis of Complex Pt (p-MINAP)2 

Temperature 
o
C Temperature 

o
K (T) % Residue % Mass loss (C) 

150.00 423 100.00  

170.00 443 99.87 0.13 

190.00 463 99.70 0.30 

210.00 483 99.26 0.74 

230.00 503 98.86 1.14 

250.00 523 98.56 1.44 

270.00 543 98.19 1.81 
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290.00 563 97.05 2.95 

310.00 583 84.06 15.94 

330.00 603 75.43 24.57 

350.00 623 67.81 32.19 

370.00 643 63.78 36.22 

390.00 663 61.29 38.71 

410.00 683 58.46 41.54 

430.00 703 55.33 44.67 

450.00 723 51.70 48.30 

470.00 743 45.33 54.67 

490.00 763 39.04 60.96 

510.00 783 36.79 63.21 

520.00 793 36.66 63.34 

 

TABLE 7. Result of Thermo gravimetric Analysis of Complex Pd (p-MINAP)2 

Temperature 
o
C Temperature 

o
K (T) % Residue % Mass loss (C) 

    

200.00 473 101.52 -1.52 

220.00 493 99.47 0.53 

240.00 513 95.14 4.86 

260.00 533 88.72 11.28 

280.00 553 83.75 16.25 

300.00 573 80.33 19.67 

320.00 593 72.90 27.10 

340.00 613 65.88 34.12 

360.00 633 58.24 41.76 

380.00 653 51.76 48.24 

400.00 673 43.62 56.38 

420.00 693 40.14 59.86 

440.00 713 39.79 60.21 

460.00 733 38.90 61.10 

480.00 753 38.39 61.61 

490.00 763 38.38 61.62 

 

 

 

 

 

 

 

 

 

 

 

 

FIG. 1.Thermo-gram of Cu (p-MINAP)2 

120 

100 

80 

60 

40 

20 

200 300 
Temp oC 

400 500 

%
M

a
s
s
 l

o
s
s
 



www.tsijournals.com | September-2021 

7 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

FIG. 2. Thermo-gram of Ni (p-MINAP)2 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

FIG. 3. Thermo-gram of Pt (p-MINAP)2 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

FIG. 4. Thermo-gram of Pd (p-MINAP)2 

120 

 
100 

 
80 

 
60 

 
40 

 
20 

150 250 350 

Temp (0C) 

450 550 

120 

110 

100 

90 

80 

70 

60 

50 

40 

30 

20 

150 250 350 

Temp oC 

450 550 

120 

 

100 

 

80 

 

60 

 

40 

 

20 

200 300 400 500 

Temp oC 

%
M

a
s
s
 l
o

s
s
 

%
M

a
s
s
 l
o

s
s
 

%
M

a
s
s
 l
o

s
s
 



www.tsijournals.com | September-2021 

8 

 

 

Conclusion 

 
On the basis of analytical, IR, 1H NMR spectral data and magnetic properties, the metal ligand composition was found 

to be 1: 2. The geometry of complex octahedral geometry has been assigned to Cu (II), Ni (II), Pt (II) and Pd (II) Complex. The 

thermal data show that complexes were highly stable and its thermal decomposition, as well as thermodynamic parameters, was 

studied. 
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