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Abstract 

Nickel( II), copper( II), zinc( II), and cadmium( II) complexes of N-methylmorpholine 
(Mmorph) and N,N’-dimethylpiperazine (DMP), with the compositions [Ni( Mmorph)Cl,], 
[2CuCl,. 3Morph], [Zn(Mmorph)Cl,], [Ni(DMP)Cl,], [Cu(DMP)Cl,] H,O, [Zn(DMP)- 
Cl,] and [Cd(DMP)Cl,], have been synthesized in order to carry out thermal investigations 
(TGA and DTA) and to study stereochemical changes during their thermal decomposition. 
Attempts to prepare a methylmorpholine complex of CdCl, failed. Some intermediate 
complexes were isolated by the temperature arrest technique. Configurational and conforma- 
tional changes were studied from elemental and thermal analyses, IR spectral data, and 
magnetic moment measurements. All the complexes of methylmorpholine and dimethylpiper- 
azine appeared to be tetrahedral, except [2CuCl, 3Morph] which is octahedral and dimeric. 
The activation energy E,*, and the enthalpy AH and entropy AS changes for the dehydration 

and decomposition reactions were evaluated with some standard equations and are com- 
pared. The order of stability of the complexes with respect to the activation energy is also 
discussed. A linear correlation is found between E,* and AS for the dehydration and 
decomposition reactions of the complexes. 

INTRODUCTION 

Acyclic ligands having oxygen or nitrogen donor atoms in their structures 
can act as good chelating agents for transition and non-transition metal ions 
[l-3]. However, works on cyclic ligand complexes are still very rare [4-71 
and there has been little thermal investigation of cyclic ligand complexes in 
the solid state [8,9]. The main aim of the present work is to synthesize some 
cyclic ligand (six-membered ring) complexes of nickel( II), copper( II), 
zinc( II), and cadmium( II) and to study their stereochemical changes during 
thermal decomposition. The purpose of selecting these cyclic ligands was 
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also to determine the effect of stability of the complexes formed by two (same 
or different) donor centres in the same molecule. Some workers [ lo- 121 have 
determined activation energy values for the decomposition reactions of 
simple salts by using different equations. We have also applied different 
equations for the evaluation of the activation energy, and the values are 
compared and discussed. Prior to heating, methylmorpholine in the com- 
plexes [ Ni( Mmorph) Cl*] and [ Zn( Mmorph) Cl,], and dimethyl-piperazine in 
[Zn(DMP)Cl,] and [Cd(DMP)Cl,], function as bidentate chelates and 
exist in the boat form [4, 5-7, 131. Dimethylpieperazine in the complexes 
[ Ni( DMP)Cl*] and [ Cu( DMP)ClJ . Hz0 functions as a bridging bidentate 
(chair form) [5], but methylmorpholine in [2CuC12 . 3Morph] functions as a 
bidentate chelate as well as a bridging bidentate ligand [4, 5, 81. If these 
complexes are heated under non-isothermal conditions, they decompose via 
stable and unstable intermediates in which the cyclic ligand may function as 
a bridging bidentate ligand (chair form). This type of conformational change 
in the ligand (boat form -+chair form) has been confirmed by IR spectral 
data. In these complexes the chloride ion might function as a terminal 
unidentate ligand or as a bridging ligand [ 141. Parameters such as E,*, AH 
and AS for the decomposition reactions of the complexes in the solid state 
have been evaluated and compared. 

EXPERIMENTAL 

Materials and methods 

The metal chlorides were of AnalaR grade and were used as received. 
Methylmorpholine (Fluka, Switzerland) and NJ’-dimethylpiperazine 
(Aldrich Co., USA) were used as received. Ethanol and diethyl ether were 
dried using standard procedures [ 151. 

Preparation of the complexes 

The metal chloride complexes with methylmorpholine and dimethylpiper- 
azine were synthesized as follows. For [Ni(Mmorph)Cl,], ligand (approx. 
5 mmol) in dry ethanol (40 cm’) was added with constant stirring to a 
solution of freshly prepared nickel chloride (approx 5 mmol) in dry ethanol 
(50 cm3) and kept overnight. The green complex was collected by filtration 
under suction, washed carefully with ethanol and diethyl ether, and dried 
over fused calcium chloride in a desiccator; yield, approx. 80%. 

The same procedure was used to synthesize the complexes [2CuC12 
3Morph], [Zn(Mmorph)Cl,], [Ni(DMP)Cl,], [Cu(DMP)Cl,] . H20, [Zn- 
(DMP)Cl,] and [Cd(DMP)Cl,]. 

Nickel, copper, zinc and cadmium were estimated gravimetrically using 
standard procedures [ 161 and carbon, hydrogen and nitrogen were deter- 
mined using a Carlo Erba 1106 elemental analyser. Results of elemental 
analyses are given in Table 1. Thermal investigations were carried out on a 
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Shimadzu thermal analyser DT-30 (Japan) under a dynamic nitrogen atmo- 
sphere with a heating rate of 10°C mini, using a-alumina as a standard 
reference substance. The E,* values were determined from the TGA curves 
using the equations of Horowitz and Metzger [ 171, Coats and Redfern [ 181, 
and Freeman and Carroll [ 191, and from the DTA curves using the equation 
of Borchardt and Daniels [20]. The enthalpy change, AH was evaluated using 
the relation AH = KA, where K is the heat transfer coefficient (the calibration 
constant or cell constant); the cell used was a platinum crucible and its constant 
K was evaluated from the data obtained using indium metal as a calibrant. 
A is the total area under the particular DTA peak measured using a 
compensating planimeter with the Fuji Corona 027 optical tracer. The 
enthalpy change AS was calculated using the relation [ 2 l] AS = AH/T,, where 
T,,, is the DTA peak temperature in kelvin. IR spectra were recorded using 
Perkin-Elmer models 363, 597,783 and 843, with KBr/CsI discs. The effective 
magnetic moments were evaluated from the results of magnetic susceptibility 
measurements using an EG and G PAR 1.55 vibrating sample magnetometer. 
Solid residues obtained after pyrolysis were identified by qualitative analysis 

VT 

RESULTS AND DISCUSSION 

The [Ni(Mmorph)Cl,] (la), [Zn(Mmorph)Cl,] (3a), [Zn(DMP)Cl,] 
(6a), and [Cd( DMP)C&] (7a) complexes were expected to be monomeric. 
On heating, complexes la, 3a and 7a are converted into metal chlorides via 
the respective intermediates [ Ni( Mmorph),&l,] (lb), [ Zn( Mmorph),., Cl*] 
(3b) and [Cd( DMP),,,Cl,] (7b), by losing one half of the cyclic ligand as 

Fig. 1. Thermal curves: (-), [Ni(Morph)Cl,] (la) sample mass 15.0 mg; (- - -), 
[2CuCl, 3Morph] (2a) sample mass 14.0 mg; and (- - -), [Zn( Morph)CI,] (3a) 
sample mass 7.5 mg. 
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Fig. 2. Thermal curves: (-), [Ni(DMP)CI,] (4a) sample mass 15Smg; (- - -), 
[Cu( DMP)Cl,] (Sa) sample mass 13.1 mg; (- ~ -), [Zn(DMP)Cl,] sample mass 
14.3 mg; and (- - -), [Cd(DMP)Cl,] (7a) sample mass 10.8 mg. 

reflected in the TGA curves (Figs. 1 and 2); the corresponding DTA peaks 
are given in Table 2. These intermediate complexes could not be isolated. 
The complex 6a decomposes into zinc chloride in a single step by loosing 
one molecule of the cyclic ligand in the range 37-472°C as shown in the 
TGA curve (Fig. 2). The thermodynamic parameters, E,*, AH and AS, for 
the decomposition reactions of the complexes la, 3a, 6a and 7a are given in 
Table 2. 

Before heating, the cyclic ligand in all the complexes functions as a 
bidentate chelate (boat form), as indicated by the greater number of 
infrared-active bands in the region of 700-1400 cm-’ with respect to the 
free ligand which exists in the chair form [4, 5, 81. All the complexes are 
expected to be tetrahedral. The green colour and the effective magnetic 
moment (peK = 3.01 BM) also suggest that complex la has a tetrahedral 
structure. The probable decomposition reactions are summarized in Fig. 3. 

The complex [2CuC12 . 3Morph] (2a) has not been reported before. On 
heating, 2a undergoes decomposition with loss of one molecule of the cyclic 
ligand in the range 28- 180°C as reflected in the TGA curve (Fig. 1 and 
Table 2). After losing one molecule of cyclic ligand, the complex 2b 
decomposes into CuC12 via the intermediate [2CuCl, Morph] (2~) in the 
temperature ranges 18 l -362°C and 363-575°C. The corresponding DTA 
peaks appear at 161, 207, 379°C (exothermic) and 52, 270, 440°C (endother- 
mic) respectively. Values of E,*, AH and AS for the conversions 2a --+ 2b, 
2b +2c, and 2c + 2CuC1, are given in Table 2. 

Complex 2a is expected to be dimeric with an octahedral structure, in 
which the cyclic ligand functions as a bidentate chelate as well as a bridging 
bidentate ligand, as shown by the IR spectral bands given in Table 3 
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1 a, 3a. 6a. 7a 

L is Mmorph or DMP; M is Ni, Cd or Zn 

2a 

Heat 
_L b PCuCl* 

2b 

61 61 

4a, 5a M is Ni or Cu 

Fig. 3. 

[8,9, 221. The chloride ion functions as a bridging bidentate as well as 
terminal unidentate [ 141. The intermediate complex, 2b, was isolated. In 2b, 
the cyclic ligand functions as a bridging bidentate chelate (chair form) 
having a polymeric structure (Fig. 3). The magnetic moment values (Table 
1) of 2a and 2b indicate that the complexes are octahedral. The probable 
thermochemical decomposition reactions are given in Fig. 3. 

On heating [Ni( DMP)ClJ (4a) and [Cu( DMP)C&] . Hz0 (5a), the 
complexes are converted into the metal chloride in a single step in the ranges 
38-510°C and 27-269°C as reflected in the TGA curves. The nature of the 
DTA peaks and the thermodynamic parameters of the decomposition 
reactions are given in Table 2 and Fig. 2. 

In both the complexes 4a and 5a, the ligand functions as a bridging 
bidentate ligand (chair form), as the number of IR-active bands is more or 
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Fig. 4. Plots of E: vs. AS for the conversions: [Ni(Morph)Cl,] -+ [Ni(Morph),,,CI,] 
(la); [2CuCI,. 2Morph] +[2CuCI,. Morph] (2b); [Zn(DMP)Cl,] +ZnCl, (6a); and 
[Cd( DMP),,CI,] + CdCI, (7b). 

less the same as that of the free ligand [5]. The effective magnetic mo- 
ment values for 4a and 5a also suggest tetrahedral structures (Table 1) 

L&91. 
The activation energy values reported by some workers [ lo- 121 using the 

Horowitz and Metzger equation for the decomposition reactions of simple 
salts are higher with respect to the values evaluated by the Freeman-Carroll 
and Coats-Redfern equations. In the present study the same observation is 
noticed in most of the cases (Table 2). 

If we consider the order of stability with respect to activation energy, the 
following trend can be observed for N,N’-dimethylpiperazine complexes: 
Ni( II) < Cu( II) < Zn( II). But no systematic trend is apparent for N-methyl- 
morpholine complexes. 

Furthermore, a linear correlation is obtained on plotting the values of E,* 
against AS (Fig. 4) for the decomposition of the complexes, which shows 
that a system having a higher entropy change AS will require less energy E$ 
for its thermal decomposition. 



S. Mitra et al.lThermochim. Acta 236 (1994) 175-185 

ACKNOWLEDGEMENTS 

185 

The authors are grateful to the Regional Sophisticated Instrumentation 
Centres (C.D.R.1) of Lucknow, Madras and Shillong for IR spectra and 
elemental analyses. Financial assistance to P.K. from CSIR, New Delhi is 
gratefully acknowledged. 

REFERENCES 

G. De, P.K. Biswas and N. Ray Chaudhuri, J. Chem. Sot., Dalton Trans., (1984) 2591. 
W.K. Musker and M.S. Hussain, Inorg. Chem., 8 (1969) 528. 
R.A. Walton, J. Chem. Sot. A, (1967) 1852. 
G.W.A. Fowles and R.A. Walton, J. Chem. Sot., (1964) 4330; (1964) 4953. 
P.J. Hendra and D.B. Powell, J. Chem. Sot. A, ( 1960) 5105. 
P.C. Pellacani, R. Battistuzzi and G. Marcotrigiano, J. Inorg. Nucl. Chem., 35 (1973) 
2243. 

7 
8 
9 

10 
11 
12 
13 

K.L. Baker and G.W.A. Fowles, J. Chem. Sot. A, ( 1968) 801. 
R.K.B. Singh and S. Mitra, Thermochim. Acta, 164 (1990) 365; 181 (1991) 289. 
L.K. Singh and S. Mitra, J. Chem. Sot., Dalton Trans., (1987) 2089; Inorg. Chim. Acta, 
133 (1987) 141; Thermochim. Acta, 142 (1989) 89. 
J. Blazejowski, J. Szychlinski and K. Windorpska, Thermochim. Acta, 46 (1981) 147. 
T. Flora, Thermochim. Acta, 65 (1983) 113. 
K. Ninan and C.G. Nair, Thermochim. Acta, 37 ( 1980) 161. 
E.A. Allen, N.P. Johnson, D.T. Rosevear and W. Wilkinson, J. Chem. Sot. A, (1970) 
2137. 

14 

15 

16 

17 
18 
19 
20 
21 

K. Nakamoto, Infrared and Raman spectra of Inorganic and Coordination Compounds, 
3rd edn., Wiley Interscience, New York, 1978, p. 226, 322. 
A.I. Vogel, A Text Book of Practical Organic Chemistry, 4th edn., ELBS and Longman, 
London, 1980, p. 269, 272. 
A.I. Vogel, A Text Book of Quantitative Inorganic Analysis, ELBS and Longman, 
London, 1978, p. 456, 462, 473, 488. 
H.H. Horowitz and G. Metzger, Anal. Chem., 35 (1963) 1464. 
A.W. Coats and J.P. Redfern, Nature, 201 (1964) 68. 
E.S. Freeman and B. Carroll, J. Phys. Chem., 62 ( 1958) 394. 
H.J. Borchardt and F. Daniels, J. Am. Chem. Sot., 79 (1957) 41. 
R. Roy, M. Chaudhuri, S.K. Mandal and K. Nag, J. Chem. Sot., Dalton Trans., (1984) 
1681. 

22 G. De and N. Ray Chaudhuri. Bull. Chem. Sot. Jpn., 58 (1985) 715. 


