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Abstract 

The conditions of the formation of Co(H), Ni(II), Cu(I1) and Zn(I1) benzene-1,3-dioxy- 
acetates were studied and their quantitative composition and solubilities in water at 293 K 
were determined. The IR spectra and X-ray diffractograms were recorded and their 
thermal decompositions in air were investigated. During heating, the hydrated complexes 
MC,,H,O, nH,O lose some crystallization water molecules in one or two steps, then 
decompose to the oxides directly (Zn and Cu) or with intermediate formation of the free 

metals (Co, Ni). 

INTRODUCTION 

Complexes of benzene- 1,3-dioxyacetic acid with Co( II), Ni( II), Cu( II) 
and Zn(I1) are unknown. In our previous papers, we have described the 
complexes of rare earth elements (Y, La-Lu) with benzene-1,3-dioxyacetic 
acid [l-3], their preparation, properties in the solid state and thermal 
decomposition in air. This work is a continuation of our study on the 
physicochemical properties of metal complexes with benzene-l ,3-dioxyacetic 
acid. 

The aim of this work was to prepare Co(H), Ni(II), Cu(I1) and Zn(I1) 
benzene-1,3-dioxyacetates in the solid state and to examine their properties 
and thermal decomposition. 

EXPERIMENTAL 

Complexes of Co(I1) and Ni(I1) with benzene-1,3-dioxyacetic acid were 
prepared by dissolving freshly precipitated Co(I1) and Ni(I1) carbonates, 
respectively, in a hot solution of 0.1 M benzene-1,3-dioxyacetic acid, fol- 
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lowed by crystallization at room temperature from the solution, after 
removal by filtration of the excess carbonates. Benzene- 1,3-dioxyacetates of 
Cu(I1) and Zn(I1) were prepared by adding equivalent quantities of ammo- 
nium benzene- 1,3-dioxyacetate (pH = 5.9) to a hot 0.1 M solution of the 
M(I1) nitrate (pH % 5). The quantitative compositions of the prepared 
complexes were determined by elemental analysis, by ignition of the com- 
plexes to oxides, and from the TG curves. The number of water molecules 
was determined from the TG curves. 

The precipitates formed were mixed in the mother liquor for 0.5 h, 
filtered and washed with water to remove NH,+ ions. All precipitates were 
dried in room air at 303 K to a constant mass. 

The IR spectra of the prepared complexes were recorded by using an 
EPIR 1725X Perkin-Elmer spectrophotometer within the range 4000- 
400 cm-‘. The samples were prepared as KBr disks. 

The X-ray diffraction patterns were recorded on a DRON-2 diffractome- 
ter in the range 28 = 5-80” using Cu Ka (Ni-filtered) radiation. Measure- 
ments were made according to the Debye-Scherrer method. 

The solubilities of Co( II), Ni( II), Cu(I1) and Zn( II) benzene-1,3-dioxy- 
acetates in water were determined at 293 K. The saturated solutions were 
prepared under isothermal conditions. The concentrations of Co( II), Ni( II), 
Cu(I1) and Zn(I1) were determined using polarography. The measurements 
were made using an OH-102 Radelkis polarograph. 

The thermal stabilities of the complexes obtained were studied. The TG, 
DTG and DTA curves were recorded. Measurements were made with a 
Q 1500 D derivatograph at a heating rate of 10 K min ’ with a full-scale 
sensitivity of: TG, 100 mg; DTG, 500 pV; DTA, 500 pV. The paper speed 
was 2.5 mm min ’ . The samples ( 100 mg) were heated in platinum crucibles 
in air to 1273 K. A&O3 was used as the standard. 

RESULTS AND DISCUSSION 

Benzene-l ,3-dioxyacetates of Co( II), Ni( II), Cu( II) and Zn( II) were 
prepared as solids that have the colors characteristic of the hydrated M(I1) 
ions, with the exception of the Cu(I1) complex which is green. The molar 
ratios of metal to organic ligand (calculated on the basis of quantitative 
compositions) was 1.0: 1.0 and the general formula was MC1,,H806. nH,O, 
where n = 15 for Ni( II) and Cu( II), y1 = 16 for Co( II), and n = 6 for Zn( II). 
The prepared complexes were crystalline solids of low symmetry with large 
unit cells. They are characterized by various structures (Fig. 1). 

The complexes of Co(I1) and Ni(I1) are soluble in water (Table 1). Their 
solubilities are of the order of 10e2 mol dm-‘. 

The complexes of Zn( II) and Cu( II) are sparingly soluble in water. Their 
solubilities are of the order of lop3 and 1O-4 mol dme3, respectively. The 
solubilities of the prepared complexes decrease in the order Ni > Co >> 
Zn > Cu. 
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Fig. 1. X-ray diffraction patterns of Co( II), Ni( II) and Zn( II) benzene-l ,3-dioxyacetates. 

In general, the complexes of Co( II) and Ni(I1) with carboxylic acids are 
soluble in water whereas the complexes of Cu(I1) are sparingly soluble: this 
is determined by the various energies of crystal lattice and metal-ligand 
bonding. 

All the complexes prepared show similar solid-state IR spectra (Table 1) 
but they differ from the spectrum of the free acid [ 11. Their IR spectra show 
bands of asymmetric vibrations v,,( OCO) at 1620- 1586 cm-‘, symmetric 
vibrations v,(OCO) at 1377-1331 cm-‘, and broad absorption bands with 
maxima at 3396-3462 cm-’ confirming the presence of the lattice water. 
The splittings of the absorption bands of the valency vibrations v,,(OCO) 
and v,(OCO) (Av = v,, - v,) are very large (Av = 273-220 cm-i) and, ex- 
cept for the Ni(I1) complex, are similar to that for the sodium salt 
(Av = 270 cm-‘). On the basis of the spectroscopic criterion [4-61, the 
carboxylate group in the complexes studied is bidentate bridging and 
chelating. The metal-ligand bond has substantial ionic character. 

Benzene 1,3-dioxyacetate hydrates of Co(II), Ni(II), Cu( II) and Zn(I1) 
are stable in air and can be stored for several months without change. The 
complexes decompose in various ways upon heating (Figs. 2-5, Table 2). 
They are stable up to 313-328 K and then lose some water molecules at 
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Fig. 2. TG, DTG and DTA curves of CoC,,H,O, 

0 

4 
AT 

I 

15H,O. 

495-548 K in one (Ni( II), Cu( II),, Zn( II)) or two (Cu( II)) steps, forming 
hydrates with fewer water molecules. Table 2 gives the ranges of the 
dehydration temperatures and quantitative descriptions of the dehydration 
process for the prepared complexes. 

From the results, it appears that the water of crystallization molecules are 
bonded in three different ways [ 71: with an anion (loss at 3 13-328 K, 
dehydration I); in the space lattice bonded by a hydrogen bond with an 
anion or an inner sphere water, as in the Co(I1) complex (lost at 423 K, 
dehydration II); and as coordinated water which is strongly bonded to the 
metal ion (lost simultaneously with decomposition of organic ligand). 
Comparing the final temperatures of the first and second steps of the 
dehydration, it is possible to suggest that the water of crystallization 
molecules are more strongly bonded with the anion in the Co(I1) and Cu(I1) 
complexes than in the Ni( II) and Zn( II) complexes. The complexes do not 
form anhydrous compounds on heating. 

The partially dehydrated complexes, when heated above 495-548 K 
(Table 3) lost their last water molecules simultaneously with decomposition 
of the organic ligand. On the DTG curves, there are three peaks for the 
Co( II) and Cu( II) complexes, and one peak for the Ni(I1) and Zn( II) 
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complexes. This process is accompanied by a strong exothermic effect, 
which is observed on the DTA curves and is connected with ignition of the 
decomposition products, carbon and oxidation of the metal (Co, Ni) to 
oxide. The intermediate products of decomposition were not identified. 
During heating, the complexes of Co(I1) and Ni( II) decompose to the 
oxides (Co304, COO, NiO) with the intermediate formation of free metals at 
993 and 973 K, respectively, whereas those of Cu( II) and Zn( II) decompose 
directly to the oxides (ZnO, CuO). This is confirmed by the high-tempera- 
ture weight gains evident in the TG curves for the Co and Ni complexes. 

The oxides ZnO, CuO, NiO, Co,O, and Co0 are formed at 825, 878, 
1018, 1051 and 1188 K, respectively. The temperature of oxide formation 
increases in the order ZnO < CuO < NiO < COO, with decreasing atomic 
number of the metal. 

The final products of decomposition (COO, NiO, CuO, ZnO) were 
identified by X-ray diffraction. 

The results indicate that the thermal decomposition of hydrated Co(II), 
Ni( II), Cu( II) and Zn( II) benzene-l ,3_dihydroxyacetates can be presented in 
the following manner 

NIL. 16H,O-+NiL. llH,O+Ni+NiO 

CuL. 15H,O+CuL. 12H,O+CuO 

ZnL. 6H,O+ZnL. H*O+ZnO 

where L is CIOH80z-. 
Summarizing, it is possible to suggest that when the hydrated benzene- 

1,3-dioxyacetates of Co( II), Ni( II), Cu( II) and Zn( II) are heated in air, they 
dehydrate in one or two steps, losing some water molecules, and then 
decompose to form the oxides, either directly (Cu, Zn) or with intermediate 
formation of the free metals (Co, Ni). 

Comparing the temperatures of the decomposition peaks obtained from 
the TG curves, it was found that the thermal stability of the studied 
complexes increases with increasing atomic number Z of the metal in the 
groups Co and Ni, and Cu and Zn. 
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