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ABSTRACT 

Thermochemical reactions of [Nien,]X,- n H,O, where en = ethylenechamme, X = +SO,‘- , 
fSeO:-, CHsCOO-, CHCl,COO- and CClsCOO-, n = 0 or 2, [Nitn,]X, 2 H,O, where 
tn =1,3-propanedtamme, X =iSeOi- or CH,COO-, and [Nttn,X,] n H,O, where X 
= tSO,‘-, CHCl,COO- and CCl,COO- and n = 0 or 1, have been mvestigated using a 
Shtmadzu DT-30 thermal analyzer All these complexes have been synthesized from solutton 
The compounds [Nrtn,X,], where X=~SeG~- or CH,COO-, [Nten,(CCl,COO),] and 
[NttnX,], where X = iSO,‘- or CHsCOO-, have been synthesized m the solid state by a 
pyrolytic technique m a nitrogen atmosphere from the parent compounds synthesized from 
solutton. (Nten,](CHCl,COO),, [Nrtn,(CHCl,COO),] and [Nien,](CCl,COO), decompose 
through the formatron of non-isolable [Nten,]CO,, [Nttn,CO,] and Nien, sCO,, respectrvely 
All the complexes were characterized by elemental analysis and magnetic and spectral data 
Tns and bisdiamme complexes appear to possess 0, geometry. The monodiamme complexes 
possess T, geometry. [NunSO,] and [Nttn(CH,COO),] undergo ureverstble phase transitton 
as soon as they are generated from then his spectes Thermal parameters have been evaluated 
for each step of decomposttton The probable mechamstrc paths of decomposttton have been 
proposed 

INTRODUCTION 

Synthesis and characterization of complexes of diamme are well known in 
literature. A few studies relating to the thermal investigation of diamine 
complexes have been carried out [l-4]. Recently, we have reported the 
thermal studies of some diamine and substituted d&nine complexes of 
mckel(I1) [5-71, where we have explored the possibility of synthesizing 
several complex species in the solid state as intermediates by using a 
pyrolytic technique: it is not feasible to synthesize these species from 
solution. We have also reported conformational changes in the solid state in 
some of the diamine complexes [8]. These observations augment the need for 
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further studies relating to the thermal investigation of diamine complexes of 
other nickel salts. The present paper reports the thermal investigation of 
NIX,, where X = iSO:-, iSeO:-, CH,COO-, CHCl,COO- or CCl,COO-, 
complexes of ethylenediamine(en) and 1,3-propanediamine(tn). We report 
the synthesis and characterization of diamme complexes in the solid state. 
Thermal parameters as well as probable mechanistic paths for each step of 
the decomposition are also reported. 

EXPERIMENTAL 

All the chemicals used were of A.R. grade. The complexes were prepared 
by the methods reported earlier [9], except for [Ni(tn),SO,] - H,O, which was 
prepared by the method described. 1 mmole NiSO, - 7 H,O was taken up in 
the minimum quantity of water, and 3 mmole tn were added dropwise with 
stirring to form a deep blue solution. Ethanol was added dropwise until 
slight turbidity appeared. Excess ethanol was added with stirring until 
shining blue crystals separated out. The crystals were filtered, washed with 
ethanol and air dried. The intermediate products were isolated in a nitrogen 
atmosphere by a temperature-arrest technique. 

The apparatus employed in the investigations was the same as that 
reported earlier [6]. Thermal analysis was carned out with a thermal analyzer 
Model DT-30 (Shimadzu, Japan). Measurements were made under a con- 
stant flow of nitrogen. Platinum crucibles were used and Al,O, was used as 
standard. Enthalpy changes were calculated from the DTA peak area using 
zinc metal as standard. 

Results of the elemental analysis, magnetrc moment and electronic spec- 
tral data are summarized in Table 1. Thermal parameters for the decomposi- 
tion of complexes are shown in Table 2. 

RESULTS AND DISCUSSION 

Tr~s(ethylened~amme)nrckel(II) sulfate 

The synthesis and characterization of this complex were reported earlier 
[9]. George and Wendlandt [2] carried out TG and DTA studies on this 
compound. Electronic spectra and magnetic data (Table 1) corroborate the 
0, geometry reported earlier. But, we found a basic difference in the thermal 
profile (Fig. 1) compared with the observation made earher [2]. Figure 1 
shows the TG and DTA curves of this compound. The TG curve appears 
very complicated. As a result, it 1s very difficult to comment on the 
decomposition path. The DTA curve shows two endothermic and two 
exothernnc peaks (Table 2, Fig. 1) for the elimination of three en molecules 
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Fig 1. Thermal curves of -, [Nlen,JSO,, sample mass 19.39 mg, - - -, [Nltn,SO,] 
H,O, sample mass 1273 mg, - -., [Nlen,]SeO,, sample mass 8 39 mg; - -, 
[Nltn,]SeO, 2 H,O, sample mass, 19 47 mg 

and the last exothermic peak appears to be due to the decomposttion of 
NiSO, to NiO. 

Sulfatobrs(l,3-propanedlamme)mckel(II) monohydrate 

The literature does not contain any report on the synthesis of this 
compound. Its electromc spectral and magnetic data (Table 1) suggest that tt 
exists as 0, geometry. The water molecule exists outside the coordination 
sphere and the sulfate group and diamine act as bidentate chelated ligands, 
as inferred from the IR spectrum [lo]. This bisdiamine complex should exist 
as the czs form as shown by the IR spectrum as well as the tendency of the 
sulfato complex to attam cu-geometry. This compound becomes anhydrous 
at 130°C (Fig. 1 and Table 2). The anhydrous species starts to decompose at 
270°C and transforms to the monodiamine complex at 325°C. The corre- 
spondmg DTA curve first shows an endotherm for the ehmmation of water 
and then another endotherm followed by an exotherm (Table 2) for the 
ehmination of the first mole of diamme. This exotherm suggests that some 
type of phase transition is taking place m the Just-born monodiamine species 
as it is very difficult to characterize the species before and after the phase 
transttion. However, it is noticed that this phase transition is not reversible. 
The derived monodiamme spectes immediately starts to decompose to the 
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metal sulfate. The DTA profile for the monodiamme decomposition shows 
two overlapping exotherms, indicating that the decomposition probably 
takes place through the formation of the hemidiamme species. The monodi- 
amine species, [NitnSO,], is isolated by a temperature-arrest techmque. 
1,3-Propanediamine can exist here either as chelated or bridging bldentate, 
since the IR spectral bands for tn overlap the bands due to the sulfate group. 
The composition, electronic spectrum and magnetic data suggest that it 
exists as Td geometry, though its magnetic value (Table 1) is shghtly low for 
Td complexes. 

Tru(ethylenedramme)nlckel(II) selenate 

Physicochemical studies of this complex suggest that it exists as 0, 
geometry as does the nickel(I1) sulfate complex. This compound starts to 
decompose at 305°C and transforms to nickel(I1) selenate m a single step as 
is shown in its TG curve (Fig. 1). The corresponding DTA curve shows two 
overlappmg exotherms. This complex shows a very unusual thermal stabihty 
in comparison to the other’complexes of Ni(I1) salts. As a result of the 
temperature at which the decomposition of [Nien,]SeO, starts, the possibil- 
ity of the formation of an isolable as well as a non-isolable intermediate IS 
very poor. The only exotherm winch appears here is probably due to the 
elimination and simultaneous decomposition of the evolved diamme at this 
elevated temperature. This phenomenon was also notrced m our earlier 
studies [6]. The stability of this complex in comparison to that of the sulfate 
is very Interesting, as the geometry of the sulfate and selenate do not differ 
much. 

Tru(l,3-propanedlamme)nrckel(II) selenate dehydrate 

Electronic and IR spectra and magnetic data (Table 1) suggest that the 
complex possesses 0, geometry. This dihydrate complex species becomes 
anhydrous at 110°C (Fig. 1 and Table 2). The anhydrous specres derived 
starts to decompose at 180°C and transforms to [Nitn,SeO,] at 240°C This 
diamine species is isolated by a temperature-arrest technique. It retains its 
original geometry as is evident from its electromc and IR spectral and 
magnetic data. The unique feature of the diamme species is that it decompo- 
ses directly to mckel(I1) selenate m a single step without going through the 
mono or hemidnunme intermediates as happened m the diamine complexes 
of other mckel(I1) salts reported earlier. 

Trrs(ethylenedlamme)mckel(II) acetate . 

Physicochemical studies of this complex suggest that it exists as 0, 
geometry. It starts to decompose at 280°C (Fig. 2 and Table 2) and 
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Fig 2 Thermal curves of - - , [Nlen,](CH3C00),, sample mass 16 87 mg, - -, 
[Nltn,](CH,COO), 2 H,O, sample mass 16 80 mg. 

transforms to nickel carbonate through the formation of a non-isolable 
intermediate, Nien,,(CH,COO),, as observed from its TG curve. The 

corresponding DTA curve shows three overlappmg endotherms for the 
elimmation of two and a half moles of diamme and five overlappmg 
exotherms for the ehmmation of residual diamme and then decomposttton of 
nickel acetate to nickel carbonate. The decomposttton of this tris complex at 
280°C mdicates its higher stability compared wtih the other complexes of 
Ni(I1) salts, except mckel(I1) selenate. It is interesting to note that nickel 
acetate is found to decompose at a comparattvely higher temperature. This 
probably occurs due to the complexation which might have changed the 
orientation of mckel acetate in a complex molecule m comparison to free 
nickel acetate [6]. 

Trrs(l,3-propanedlamme)nlckel(II) acetate dehydrate 

This compound also shows 0, geometry. This dehydrate species becomes 
anhydrous at 102°C (Fig. 2) showing an endothermic peak at 95°C. The 
anhydrous species starts to decompose at 140°C and becomes [Nitn,- 
(CH,COO),] at 190°C in a single step. Tins was isolated by a pyrolytic 
techmque. Spectral as well as magnetic studies indicate that this bisdiamine 
species also exists in 0, geometry with a czs orientation of the acetate group. 
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L I I 1 

400 600 800 
Wavelength (nm) 

Fig 3. Electromc spectra of - - -, [Nltn,](CH&OO), 2 H,O, - .- , 
[Nltn,(CH,COO),]; - * e-, [Nltn(CH,COO),], -, [Nltn,SO,]+HzO, . -- , 
[NltnSO,] 

The bis species derived starts to decompose at 260°C and transforms to an 
isolable monodiamine species, [Nitn(CH,COO),], at 325°C as shown m its 
TG curve (Fig. 2). The corresponding DTA curve shows two overlapping 
endotherms (Table 2) for the elimination of diamme, followed by an 
exotherm. The appearance of this exotherm is not due to the ehmmation of 
diamine but rather to some kmd of rearrangement occurrmg Just after 
formation of the monodiamine species. This transition is not reversible. The 
monodiamme species derived after transition exists m Td geometry as is 
evident from its electronic spectrum (Fig. 3) and its high magnetic moment 
value (3.82 B.M.). On further heating, the monodiamine complex decompo- 
ses to mckel carbonate at 605OC. The corresponding DTA curve shows five 
overlapping exotherms for the elimination of diamine and decomposition of 
acetate to carbonate. It is difficult to suggest the nature of the coordmation 
of diamme, i.e. chelating or bridging bidentate character, due to the overlap- 
pmg of the IR spectral bands of acetate and diamine. 

Tru(ethylenedramme)nrckel(II) drchloroacetate dehydrate 

This complex possesses 0, geometry as is evident from its composition, 
spectral and magnetic data (Table 1). It begins to lose water at 80°C and 
becomes anhydrous at 130°C in a smgle step (Fig. 4), showmg an endother- 
mic peak at 90°C. The anhydrous species immediately undergoes decomposi- 
tion and transforms to [Nien,]CO, at 315°C. The correspondmg DTA curve 
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I 
EXO 

- 

Fig. 4. Thermal curves of .- -0, [Nlen,](CHCl,C00),.2 H,O, sample mass 11.13 mg; -. * 
-, [Nltn,(CHCl,COO)z], sample mass 10.66 mg. 

shows four overlapping exotherms. This observation suggests that the degree 
of complicacy may arise from the decomposition of the haloacetate group. 
The derived nickel carbonate complex immediately starts to decompose and 
transforms to nickel carbonate showing two overlapping exotherms. 

Duzhloroacetatobrs(l,3-propanedlamme)mckel(II) 

Tl-ns bisdiamine complex also possesses 0, geometry. It starts to decom- 
pose at 200°C and transforms to the bisdiamine carbonato complex at 
405OC without altering its geometry, showing five overlapping exotherms 
(Fig. 4). On heating, the derived carbonato complex transforms to NiCO, 
showing two overlapping exotherms. 

Trls(ethylened~amme)nickel(II) tnchloroacetate 

Spectral and magnetic data (Table 1) suggest that this complex exists in 
0, geometry. This complex begins to decompose at 44°C and becomes 
[Nien,(CCl,COO),] at llO°C (Fig. 5) in a single step. The derived bis 
species also exists in 0, geometry as is observed from its spectral and 
magnetic data. The haloacetate groups are in the CIS position [ll]. This bis 
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Fig 5 Thermal curves of .-e- , [Nlen,J(CCl,COO),, sample mass 12.12 mg; -. -, 
[Nltnz(CCl,COO),], sample mass 23.32 mg. 

species starts to decompose at 175°C and decomposes to nickel(I1) carbonate 
through the formation of a non-isolable intermediate, Nien, 5C03, as ob- 
served from its TG curve. The corresponding DTA curve first shows two 
overlapping exotherms for the elimination of 0.5 mole of diamme as well as 
the decomposition of nickel halo carboxylate to nickel carbonate, and then 
three overlapping exotherms for the elimination of residual diamine. The 
thermal profile does not show any endotherm for the elimination of half a 
mole of d&nine at the second step of decomposition of [Nien,](CCI,COO),. 
This is due to the elimination of ethylenediamine and the decomposition of 
halocarboxylate taking place simultaneously and merging the endotherm 
responsible for diamine elimmation at temperatures where the diamine does 
not get decomposed. 

An interesting feature is that this complex first transforms to the carbonato 
complex without losing the diamine till 150°C (Fig. 5) in a single step. The 
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bisdiamme carbonato complex is isolable in the solid state by a pyrolytic 
technique. Spectral and magnetic studies of the parent as well as its pyrolytic 
product, the biscarbonato complex, indicate 0, geometry. The haloacetate 
groups are expected to be in the czs position as is evident from its IR 
spectrum [ll] as well as its decomposition to the carbonato species. The 
derived bisdiamme carbonato nickel(I1) species starts to decompose at 
188°C and transforms to nickel carbonate through the formation of several 
non-isolable intermediates (Table 2). 

From the foregomg discussion, it is noticed that ethylenediamme appears 
to always generate the trisdiamine complex, whereas, 1,3-propanediamme 
produces tris as well as bisdiamine complexes. This is probably due to the 
effect of the chain length of the diamine. The tris complexes of ethylene- 
diamme are thermally more stable than that of 1,3_propanediamine. The 
thermal stability of [Nitn,X,], where X = $SOi-, $SeOi-, CH,COO-, 
CHCl,COO- and CCl,COO-, is: SOi- >/ CH,COO- > SeOi- > 
CHCl,COO-> CCl,COO-. 
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