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Thermal decomposition of mono pyridine N-oxide complexe ,~of co balt(II), nickel(II) 
and copper(II) propionates and mono quinoline N-oxide complex of copper(II) ben 
zoate has been studied by TG and DTA techniques. These dimeric complexes are 
stable upto 350- 380 K and decompose in two stages: (i) successive elimination of the 
two ligand molecules (mostly endothermic); and (ii) decomposition of the resulting 
anhydrous metal(II) carboxylates by an exothermic multistep process in air. 

Thermal studies of  hydrated metal(II) carboxylates have been quite interesting 
[1 -9 ] .  The reactions have been followed to study their kinetics [ 1 - 3 ,  6, 9] or 
the mechanism of decomposition [4, 5, 7]. However, the addition complexes of  
metal(ll) carboxylates with amines and amine N-oxides have not been adequately 
studied [10-12] .  The present communication deals with the thermal decomposi- 
tion of mono pyridine N-oxide complexes of cobalt(ll), nickel(II) and copper(II) 
propionates and mono quinoline N-oxide complex of copper(ll) benzoate by T G  
and DTA techniques in static air atmosphere. 

Experimental 

The required metal(II) carboxylate complexes were prepared by mixing acetone 
or methanol solution of the appropriate metal(ll) carboxylate and the correspond- 
ing ligand in 1 : 1.I molar ratio and subsequent crystallisation. The samples ob- 
tained were crystalline products which gave satisfactory analytical results. The 
Stanton Thermobalance (Model No. AD-2) was used and heating rate of 4~ 
was maintained. The amount  of the samples taken varied f rom 2 5 0 -  450 rag. The 
differential thermal analysis curves were recorded on DTA-02-Universal apparatus 
at the same heating rate using alumina as a reference standard. As much identical 
conditions as possible were used. The nature of  thermolysis curves was, however, 
independent of the mass of the samples used. The results of T G  and DTA studies 
are presented in Figs 1 and 2. 

Results and discussion 

An examination of the T G  curve (Fig. 1) of bis(propionato)pyridine-N-oxide- 
cobalt(II) indicates that the complex is stable upto ~ 350 K and beyond this 
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Table  1 

Starting complex Intermediates/Product proposed 
Tempera- 

ture, 
K 

Weight loss, % 

found theo- 
retical 

[Cos(O2CC~H~)a(PyNO)2 ] 

[Ni2(O~CC~Hs)4(PyNO)~ ] 

[Cus(OsCC2Hs)4(PyNO)2 ] 

[Cus(O2CC6Hs)a(QNO)2 ] 

[Co2(O2CC2Hs)4(PyNO) ] 
[Co2(O2CC2H~)4] 
Co.~O4 
[Ni2(O2CCsHs)4(PyNO) ] 
[Ni2(O2CC2Hs)4] 
NiO 
[Cu2(O2CC2Hs)JPyNO)] 
[CLIz(O2CC2Hs)4] 
C u e  

[Cu2(O2CC6Hs)4(QNO)] 
[Cu~(O~CCoHsh] 
CuCO3 
C u e  

400 
450 
575 
405 
435 
585 
400 
435 
555 
475 
525 
700 
790 

14.84 
30.86 
73.43 
15.25 
30.71 
75.21 
15.41 
31.47 
73.81 
16.49 
32.43 
72.97 
82.43 

15.83 
31.67 
73.24 
15.85 
31.70 
75.07 
15.60 
31.20 
73.88 
16.09 
32.18 
72.58 
82.35 

P y N O  = Pyridine N-oxide  
Q N O  = Quinol ine  N-oxide  
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Fig. 1. T G  curves  o f  A :  Bis(propionato)pyr id ine-N-oxidecobal t ( I1) ,  B:  Bis (propiona to)py-  
r idine-N-oxidenickel(I I ) ,  C:  Bis (prop iona to)pyr id ine-N-oxidecopper ( I I )  a n d  D:  Bis(ben-  

zoato)  qu inol ine-N-oxidecopper ( I I )  
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temperature decomposes without the formation of any stable, isolable intermediate 
giving Co~O4 as the final product at 575 K. However, the TG curve does show two 
discontinuities at 400 and 450 K corresponding to the formation of intermediate 
species [Co2(O2CC2Hs)~(PyNO)] and [Co2(O2CC2H5)4] (Table 1) respectively. 
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Fig. 2. DTA curves of A: Bis(propionato)pyridine-N-oxidecobalt(II), B: Bis(propionato)py 
ridine-N-oxidenickel(II), C: Bis(propionato)pyridine-N-oxidecopper(II) and D: Bis(ben 

zoato)quinoline-N-oxidecopper(II) 

Bis(propionato)cobalt(II) and its hemipyridine N-oxide complex could not be 
isolated because these start decomposing even before they are completely formed. 
The decomposition of bis(propionato)pyridine-N-oxide cobalt(II) may be re- 
presented schematically as below: 

[Coz(QCC2Hs)4(PyNO)2] 350-400K 

[Co2(O2CC2Hs)4(PyNO) ] 4 0 0 - - 4 5 0 K  > 

[Co2(O2CC2H5)~] 

[Co2(O2CC2Hs)I(PyNO)] (1) 

[Co2(OzCCzHs) 4] (2) 

4 5 0 - - 5 7 5 K  
CoaO4 + Volatile products (3) 

The DTA curve (Fig. 2) of this complex shows a broad endothermic band, split 
into two peaks centred at 390 and 420 K corresponding to the decomposition re- 
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actions represented by the Eqs (1) and (2) respectively. Strong exothermic peaks 
at 495,520 and 545 K then account for the decomposition of bis(propionato)- 
cobalt(II) (Eq. 3) and indicate that the decomposition of bis(propionato)- 
cobalt(II) to Co30~ is a multistep process. The thermogravimetric curves (Fig. l) 
of bis(propionato)pyridine-N-oxide nickel(II) and bis(propionato)pyridine-N- 
oxide copper(II) are comparable to that of bis(propionato)pyridine-N-oxide- 
cobalt(II), suggesting thereby that the thermal decomposition of these complexes 
also proceeds in a similar manner. The intermediates and the end products in- 
volved in each case are shown in Table 1 along with their weight-loss data. The 
DTA curve (Fig. 2) of nickel(II) complex shows two endotherms at 390 and 410 K 
and three exotherms at 500, 525 and 540 K. The DTA curve (Fig. 2) of copper(II) 
complex also shows a similar structure constituting of two endotherms at 390 and 
415 K and three main exotherms at 490, 510 and 535 K. The close similarity of 
the DTA curves of the cobalt(II), nickel(II) and copper(II) propionate-pyridine 
N-oxide complexes further points out that the general mode of decomposition of 
these complexes is identical with one another. 

The thermogravimetric curve (Fig. 1) of bis(benzoato)quinoline-N-oxide- 
copper(II) shows three discontinuities at 475, 525 and 700 K and final constant 
weight level at 790 K. Weight-loss data (Table 1) indicate that the intermediate 
species formed at these temperatures are [Cu2(O~CC6Hs)4(QNO)], 
[Cu2(O2CC6Hs)~] and CuCO3 and the final product is CuO. The intermediates are 
too unstable to be isolated. 

The DTA curve (Fig. 2) of bis(benzoato) quinoline-N-oxide copper(II) shows 
a strong exotherm at 500 K with a broad shoulder in the range 425-475 K. These 
exothermic structures correspond to QNO elimination reactions. It is notable that 
the thermal elimination of PyNO molecules from metal(II) propionate complexes 
discussed above is an endothermic process, whereas in the present case, the cor- 
responding step is, on the contrary, exothermic. The remaining DTA curve shows 
two broad, highly complex exotherms observed in the regions 545- 600 and 650- 
775 K. It is difficult to consider all the intermediate species produced because the 
decomposition process is in itself the result of many complicated factors. 

The authors are thankful  to Dr. R. K. Dewan, Head of the Chemistry Department,  Uni- 
versity of Jammu, Jammu for providing necessary facilities in the department.  The authors are 
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RI~SUMI~ -- On a 6tudi6, par TG et ATD, la ddcomposition thermique des propionates des 
complexes mono-pyridine N-oxyde de cobalt(H), de nickel(H) et de cuivre(ll) ainsi que du 
benzoate mono-quinoline N-oxyde de cuivre(II). Ces complexes dim~res sont stables jusqu'/~ 
350--380 K et se d6composent en deux 6tapes: (i) 61imination successive des deux mol6cules- 
ligands (la plupart du temps endothermique); et (ii) d6composition des carboxylates anhydres 
des mdtaux(II) formds par un processus en plusieurs 6tapes dans de l'air. 

ZUSAMMENFASSUNG - -  Die thermische Zersetzung der Monopyridin N-oxidkomplexe der 
Kobalt(II)-, Nickel(ll) und Kupfer(II)-propionate sowie des Monochinolin N-oxidkomplexes 
von Kupfer(Ii)-benzoat wurden durch TG und DTA-Methoden untersucht. Diese dimeren 
Komplexe sind bis zu 350-380  K stabil und werden in zwei Stufen zersetzt: (i) sukzessive 
Eliminierung der zwei Ligandmolek01e (hauptsfichlich endotherm); und (ii) Zersetzung der 
entstehenden wasserfreien Metall(H)carboxylate durch einen mehrstufigen exothermen Vor- 
gang in Luft. 

Pe3roMe -- MeTo/IaMH TF H ~TA 6bJno H3yqeHo TepMHqecKoe pa3JIo~reHne MOHO nVIpHAItH- 
-N-oKcHIIUblX ~o~anfleKco~ u p o n , o n a T o B  ~06a~bTa (II), unxe.r/~l (II) H Henri (11), a xaK~e Morlo 
XHHOJIHH-N-OKCH)IHOFO gOMnJleKca 6eH3oaTa Mesh (II). 9xn ;1HMepHble KOMHJIeKCbl cTa6HJlbHbl 
Jlo xeMnepaTyp 350-- 380 K rt n Aanr, He~meM pa3JiararoTc~ B ABe cTaJllal4: (1)nocne~loBaxenbHoe 
m,lJle3IeHHe 2myx MOJleKyn nuraH~xa H 3TOT npouecc 6on~,tuea qaCTbm 3H~IoTepMHqeCKI,lf[ It (2) 
pa3J1O:,Kenrle o6pa3y~otttrtxc~ 6e3BO~IHblX ]~ap6oKcrinaroB MeTaJIJIOB no 3K3OTepMr~qeCKOMy MHO- 
rocTaJ1H~HOMy npotteccy B awMocqbepe BO3jlyxa. 
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