
MIXED LIGAND CHELATES OF COBALT (II), NICKEL (II) 
AND COPPER (II) AND THERMAL DECOMPOSITION OF 

SOME MIXED LIGAND COMPLEXES OF METALS 

By 

C. S. R. MURTHY 

DEPARTMENT OF CHEMISTRY 

SUBMITTED 

IN FULFILMENT OF THE REQUIREMENTS OF 

THE DEGREE OF DOCTOR OF PHILOSOPHY 

TO THE 

INDIAN INSTITUTE OF TECHNOLOGY, DELHI 
MAY, 1982 



CERTIFICATt 

This is to certify that the thesis entitled 

"Mixed ligand chelates of cobalt(II), nickeltII) _ 

and copper(II) and thermal decomposition of some mixed 

ligand complexes of metals" being submitted by 

Mr. C.S.R,'Murthy to the Indian Institute Of Technology 

for the degree of Doctor of Philosophy in Chemistryi 

is a record of bonafide research work carried' out by 

him. Mr. Murthy has worked under my,guidance and 

supervision and has fulfilled the requirements for 

the submission of this thesis, which to my knowledge, 

has reached the requisite. standard. 

The results contained in this thesis have not 

been submitted,, in part or full, to any other University 

or Institute for the award of any degree or diploma. 

( G.N. Ra0 ) 
Thesis Supervisor 
Associate Professor 

Department' of Chemistry 
Indian Institute of Technology 

New Delhi,110 016. 



ACKNOVILED-GEMENI 

I wish to express my deep sense of gratitude to .  

Prof. G.N. Rao, Associate Professor, Department of 

Chemistry, Indian Institute of Technology, for his 

incessant encouragement and constant supervision throughout • 

my research work. I am thankful to him for his untiring 

help and friendly attitude..  

I am grateful to Prof. R.P. Gandhi and Prof. J.C. 

Ahluwalia, present and the past Heads of the Department 

for providing me all the necessary facilities. I am 

equally indebted to Dr. A. Prabhakara . Rao, BHEL, Hyderabad, 

for sending thermograms of some of my compounds and to 

Prof. R.C. Aggarwal, BHU, Varanasi, for helping me to 

avial the facility of magnetic susceptibility measurements, 

I am thankful to all my colleagues and for their 

cooperation and assistance.. Mr. R.K. Gupta and Mr. Bala 

Dutt need a. word of appreciation on my behalf, for helping 

me in recording the spectra..  

The financial assistance given by the authorities of 

Indian Institute of Technology, New Delhi for this research 

work is gratefully acknowledged. 

.Finally I am thankful to Mr. Vijay Kumar for his 

good typing work. 

(  MURT 



LIST OF FIGURES 

CHAPTER—III 

FIGURE NO. 

 

3.1 
 

Mass spectrum of AP.PA  

 

3.2 
 

Mass spectrum of AP.B 

 

3.3 
 

Mass spectrum of BMPP.pd 

 

3.4  Diffuse reflectance spectra of mixed ligand complexes 

Co(tMen)(tea)C12,Ni(tmen)(tea)C12  and Cu(tmen)(tea)C1, 

 

3.5a  Infrared spectra of mixed ligand complexes 

Ni(tmen)(tea)C12,Cu(tmen)(tea)C12  4000-1200 

 

3.5b  Infrared spectra of mixed ligand complexes 

Ni(tmen)(tea)C12, Cu(tmen)(tea)C12  1200-400 

- 
CM  1  

CM 
1  

 

3.6a  Infrared spectra of mixed ligand complexes containing 

tridentate Schiff base 

Cu(SAL.ap)" (tmen), Ni(SAL.ap)" (tmen) 4000-1200 cm 

 

3.6b  Infrared spectra of mixed ligand complexes containing 

tridentate Schiff base 

Cu(SAL.ap)" (tmen), Ni(SAL.ap)"(tmen) 1200-400 cm-1  

 

3.6c  Thermal decomposition curves of mixed ligand complexes 

Cu(tmen)(tea)C12, Ni(tmen)(tea)C12  

Co(tmen)(tea)C12, Co(tmen)(heen)C12  

 

3.7  Diffuse reflectance spectra of mixed ligand complexes 

Co(BMPP.pd)1 (en)(NO3), Ni(BMPP.pd)1 (en)(NO3) 

Cu(BMPP.pd)' (en)(NO3) 

 

3.7a  Thermal decomposition curves of mixed ligand comple;:c 

Ni(BMPP.pd)', Cu(BMPP.pd)' 



 

3.8  Diffuse reflectance spectra of mixed ligand complexes 

containing tridentate Schiff base 

Co(BMPP,ap)" (bipy), Ni(BMPP.ap)" (bipy), 

Cu(BMPP.ap)" (bipy) 

	

3.9 	Structures of the Schiff bases employed 

 

3.10  Diffuse reflectance spectra of Schiff base complexes 

Co(BMPP.pd)'2, Ni(BMPP.pd)2  Cu(BMPP.pd)2  

 

3.11a  Infrared spectra of Schiff base complex 

AP.B, Cu(AP.B)2C12  4000-1200 cewl  

 

3.11b  Infrared spectra of Schiff base complex 

AP.B, Cu(AP.B)2C12  1200400 cm-1  

 

3.12  Diffuse reflectance spectra of complexes containing 

pentadentate Schiff base ligands. 

CHAP' ER-V 

 

5.1  Thermal decomposition curves of oxalato (heen) 

complexes 

 

5.2  Linear plots for determining activation energy 

(n=1) (Coats and Redfern method) 

 

5.3  Linear plots for determining activation energy(n=1)' 

(Modified Horowitz and Metzger method) 

 

5.4  Thermal decomposition curves of oxalato(daP)complexes 

 

5.5  Linear plots for determining activation energy(n=1) 

(Coats and Redfern method) 

 

5.6  Linear plots for determining activation energy(ft=1) 

(Modified Hordwitz and Metzger method) 

 

5.7  TG curve of Zn(dien)0904 



ABSTRACT 

Schiff bSse ligands'have been prepared from pyrazolones 

(4—amino-2,3—dimethy1-1.phenyl.pyrizol-5—one and 4—benzoy1-3.. 

methyl—l—phenyl—pyrazol-5—one), 1,3—diaminopropan-2.ol and' 

pyridine-2—aldehyde. They were characterized by elemental 

analysis and spectral data. Complexes of Co(II), Ni(II) and 

Cu(II) with the Schiff bases 213—dimethy1-4—iminopyridyl-a-
phenyl—pyrazol-5—one (PA.AP), (4.benzoy1-3.-methyl.4.pheny1.5.. 

iminopyrazoly1) amincbenzene(BMPP.pd), 2,3..dimethyl-4.benzil-

imino—l—phenyl—pyrazol-5—one (AP.B), lf3.bis(4—amino-2,3— 
dimethyl—l—phenyl-5—iminopyrazoly1) propan-2.ol(AP2.dap) and 

43—bis(iminopyridyl)propan-2..ol (PA2.dap) have been synthe-
sised and characterized by elemental analysis, ultravidlet 

and visible spectroscopy, infrared spectroscopy and room 

temperature magnetic suceptibility measurements. While the 
tridentate neutral ligands PA.AP, BMPP.pd and AP.B formed 

mainly six—coordinate complexes with Co(II), Ni(II) and Cu(II) 

ions, PA2.dap and AP2.dap (which are pentadentate monobasic 
Schiff bases) mainly formed five—coordinate complexes with 

perchlorates and nitrates, !Exceptions are Co(PA2.dap),N013  

Ni(PA2.dap)1.0113, Cu(PA2.dap)1W3  and Cu(AP2.dap)'N013  which 

were found to be six.-coordinate. 

Mixed ligand complexes of Co(II), Ni(II) and Cu(II) 

containing a bulky bidentate ligand N,N,NW—tetramethyl-

ethylenbdiamine (tmen) and trid6ntate neutral ligand[N- 



hydroxyethylethylenediamine(heen), N—hydroxyethyl—propylene-

diamine(hepn) or triethanolamine(tea)] were prepared. All 

these complexes were found to be six coordinate even with 

anions having weak coordinating capacity such as perchlorate 

and nitrate. Five—coordinate complexes of Ni(II) and Cu(II) (in 

some cases) were obtained when tridentate dibasic Schiff base 

ligands like salicylideneaminophenol, salicylideneaminobenzene-

thiol, naphthalideneaminophenol and 4—benzoy1-3—methyI-1—pheny1— 

5—pyrazolyliminophenol (RUP.ap) along with bidentate neutral 

ligands (ethylenediamine, bipyridyl and tmen) were used. Ligand 

field parameters from the electronic spectral data of octahedral 

Co(II) and Ni(II) complexes were calculated. 

Mixed ligand complexes of Mn(II), Fe(II), Co(II), Ni(II), 

Cu(II), Zn(II) and Cd(II) containing 'heenl, 'dap', 'tea' or 

diethylenetriamine(dien) and Dxalate were prepared and characteri-

zecL Thermal decomposition of these; complexes haS been studied 

using TG and DSC techniques. Intermediate products of thermal 

decomposition have been isolated and characterized wherever poss-

_ble. While 'been' complexes of Mn(II), Cu(II)„ Zn(II) and Cd(II); 

'dap' complexes of Co(II), Ni(II), Zn(II) and Cd(II) and 'tea' 

complexes of Mn(II), Co(II), Ni(II), Zn(II) and Cd(II) showed 

a distinct loss of one molecule of amine ligand, all the 

complexes of 'dien' 'showed a partial break up of the ligand, 

in the first step. Values of activation energy for the 

thermal decomposition reactions (where there was a distinct 



loss of one ligand molecule) were caioulated from TG curve 

using Coats and Redfern equation and modified HorOwitz and 

Metzger equation. From DSC curve the data was obtained 

using Swarin and ems equation. The values,obtained from 

DSC technique were slightly higher than the values obtained 

from the TG methods. The trends observed ih the values of 

activation energy were correlated to the corresponding thermal 

stabilities of the complexes. 
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