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Abstract

Novel complexes obtained by 3-N-methyl-morpholino-4-amino-5-mercapto-1,2,4-triazole and 3-N-methyl-piperidino-4-

amino-5-mercapto-1,2,4-triazole with Co(II), Ni(II) and Cu(II) have been synthesized and characterized by elemental analysis,

electronic, IR, ESR and TG studies. TG studies of these complexes showed that thermal degradation proceeds in two steps.

Kinetic and thermodynamic parameters were computed from the thermal decomposition data. The activation energy of both

the thermal degradation steps is in the 0.22±44.67 kJ molÿ1 range. Based on the spectral and TG studies, an octahedral

geometry can be proposed for the above complexes. # 1999 Elsevier Science B.V. All rights reserved.
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1. Introduction

In recent years, there has been considerable interest

in the complexes formed by oxadiazole, triazole and

related ligands as they are common components of

some important biological molecules [1,2]. Further-

more, triazoles have been reported to possess a wide

range of biological activities, including antibacterial,

antifungal, antitumour and antiviral [3±6].

Thermal decomposition parameters, such as E, ln A,

�H#, �S# and �G# have been derived for transition-

metal complexes of various classes of organic ligands

[7±13]. However, very little work has been done on

triazole±metal complexes of transition elements.

Hence, the present paper reports the synthesis, spectral

and thermal studies of new cobalt(II), nickel(II) and

copper(II) complexes derived from 3-N-methyl-mor-

pholino-4-amino-5-mercapto-1,2,4-triazole

(MMAMT) and 3-N-methyl-piperidino-4-amino-5-

mercapto-1,2,4-triazole(MPAMT). Kinetic and ther-

modynamic parameters have been calculated using

Broido's relation [14].

2. Experimental

All the chemical and solvents used were of AR

grade.

2.1. Synthesis of ligands

The ligands 3-N-methylmorpholino-4-amino-5-

mercapto-1,2,4-triazole (MMAMT) and 3-N-methyl-
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piperidino-4-amino-5-mercapto-1,2,4-triazole

(MPAMT) (Fig. 1) were prepared and puri®ed accord-

ing to the methods reported in the literature [15].

2.2. Synthesis of complexes

Metal(II) chloride (0.01 mol) was treated with the

ligand (0.01 mol) in alcoholic medium. The reaction

mixture was re¯uxed for about one hour and then 2 g

of sodium acetate was added to the reaction mixture

and re¯uxed for ca. 3 h. The separated complex was

®ltered, washed with aqueous alcohol followed by

absolute alcohol and ®nally dried in vacuum over

fused calcium chloride.

2.3. Analytical methods

Metal in the complexes were analysed according to

the standard procedures [16]. Magnetic moments were

measured using Gouy balance. Conductance measure-

ments were made using 10ÿ3 M solutions of the

complexes in DMF with the help of Elico conductivity

bridge type CM-82. IR spectra of the ligands and the

corresponding complexes were recorded in Nicolet

Impact 410 spectrophotometer using KBr pellets. A

Hitachi 150-20 spectrophotometer was used for

recording the electronic spectra. The ESR spectra

were recorded on a EPR-E-4 spectrometer, operating

in the x-band region with TCNE as the reference

material at 300 and 77 K. Thermal studies were

carried out with a Rigaku TAS-100 Model thermal

analyser. A 5±8 mg pure sample was subjected to

dynamic TG scans at a heating rate of 108C minÿ1

in an air atmosphere, in the temperature range from

ambient to 9008C. The TG curves were analysed as

percentage mass loss as a function of temperature. The

number of decomposition steps were identi®ed using

DTG. The activation energy (Ea) and frequency factor

(ln A) of the degradation process were obtained by

Broido's method [14].

3. Results and discussion

All the prepared complexes are crystalline, non-

hygroscopic, insoluble in non-polar solvents. How-

ever, they are soluble in polar solvents like DMF and

DMSO. The molar conductance values fall in the

2.54±9.78 
ÿ1 molÿ1 cm2 range which suggests the

non-electrolytic nature of the complexes. The analy-

tical data reveals 1 : 1 stoichiometry between metal : -

ligand (Table 1). The magnetic moment data of

Co(II), Ni(II) and Cu(II) complexes shown in Table 1

reveals distorted octahedral geometry. However, the

subnormal magnetic moment in Cu(II) complex indi-

cates copper±copper interaction leading to polymeric

nature [17,18].

3.1. Electronic spectra

The electronic spectra of Co(II) complexes shows

two d-±d bands in the 19 600±20 830 and 7849±

8130 cmÿ1 ranges which could be assigned to
4T1g(P) 4T1g(F) and 4T2g(F) 4T1g(F) transitions

con®rming octahedral geometry for these complexes

[19].

The visible spectrum of the nickel(II) complexes

exhibits three bands at 8696±8969 cmÿ1, 14 368±

15 267 cmÿ1 and 23 529±24 096 cmÿ1, attributed to

the transitions 3T2g(F) 3A2g(F), 3T1g(F) 3A2g(F) and
3T1g(P) 3A2g(F), respectively. This reveals the octa-

hedral geometry around nickel(II) ion [20]. The elec-

tronic spectra of copper(II) complexes show a very

broad band of low intensity in the 17 200±

17 391 cmÿ1 region, which can be assigned to the
2T2g 2Eg transition. In addition to this band, another

band is also seen in the 23 529±24 691 cmÿ1 region.

This band is due to symmetry forbidden ligand!
metal charge transfer. The band above 27 000 cmÿ1

is assigned as ligand band. Distorted octahedral

structures are proposed on the basis of electronic

spectra.

Fig. 1. Structure of ligands MMAMT and MPAMT.

36 P.B. Maravalli, T.R. Goudar / Thermochimica Acta 325 (1999) 35±41



3.2. Infrared spectra

The ligands MMAMT and MPAMT show resolved

bands at 3271, 3141 and 2570 cmÿ1. These bands have

been assigned to �(NH) and �(SH) [15] modes, respec-

tively. The high intensity bands in the 1622±

1604 cmÿ1 and 1579±1567 cmÿ1 regions can be

assigned to >C=N stretching frequencies. The two

strong bands at 1510 and 1307 cmÿ1 have been

respectively assigned to thioamide bands [21] I and

II. A medium-intensity band at 900 cmÿ1 is assigned

to N±N stretching vibration. The thioamide band IV

which is mainly due to >C=S stretching vibration is

observed at 750 cmÿ1.

The IR spectra of metal(II) complexes with the

above-mentioned ligands show a broad band around

3430 cmÿ1 which is due to �(OH) of coordinated

water. The NH stretching frequencies observed at

3271 cmÿ1 in the ligand has shifted to 3221 cmÿ1

in the complexes suggesting the coordination of amino

group to metal(II) ion. The �(C=N) vibration observed

in the 1622±1604 and 1579±1567 cmÿ1 regions in the

spectrum of the ligand show some changes in the

complexes. A broad band, with halfwidth ca.

70 cmÿ1 is observed around 1630 cmÿ1. This obser-

vation indicates the coordination of one of the azo-

methine groups to the metal atom through nitrogen

which results in a shift of the 1579 cmÿ1 band due to

higher wave number. The band due to �(C=S) would

shift towards lower wave numbers on complexation.

Both these effects are actually observed since the

thioamide band which has a major contribution from

�(C=N) and a minor contribution from �(C±N), appear-

ing at 1307 cmÿ1, in the spectrum of the ligand, shifts

by 60 cmÿ1 towards higher wave numbers in the

complexes. The thioamide at 750 cmÿ1 in the ligand,

which is mostly due to �(C=S), shifts by 80±70 cmÿ1

towards lower wave numbers on complexation [22].

3.3. Electron spin resonance spectra

In the ESR spectra, from the observed `g' values of

Cu(II) complexes at LNT (gk�2.289, g?�2.103), it is

evident that the unpaired electron is predominantly in

dx2ÿy2 orbital with the possibility of some dz2 character

being mixed with it because of low symmetry. The gk
value (gk�2.289<2.3) indicates a larger percentage of

covalency. The G value (G�2.8) of less than four

concludes interaction between copper centres, which

is further supported by the subnormal magnetic

moment. The relation gk>g?>2.0 in the present case

suggests an elongated octahedral geometry [23].

Table 1

Analytical, magnetic and conductivity data of Co(II), Ni(II) and Cu(II) complexes with MMAMT and MPAMT

S. No. Complex Elemental analysis % Molar

conductance,lM

Magnetic

moment

C H N S Cl M 
ÿ1 molÿ1 cm2
(mB)

1 [Co(MMAMT)Cl�2H2O] 24.46 3.62 20.28 9.18 10.25 16.94 2.54 4.30

(24.38) (3.48) (20.33) (9.28) (10.39) (17.12)

2 [Ni(MMAMT)Cl�2H2O] 24.70 3.84 20.42 9.25 10.64 17.24 7.74 3.10

(24.42) (3.48) (20.34) (9.39) (10.36) (17.05)

3 [Cu(MMAMT)Cl�H2O] 25.46 3.42 20.42 9.60 10.55 19.12 2.17 1.32

(25.36) (3.65) (21.19) (9.66) (10.72) (19.30)

4 [Co(MPAMT)Cl�2H2O] 28.12 3.90 27.98 9.38 10.24 17.16 8.76 4.27

(28.09) (4.09) (20.46) (9.40) (10.37) (17.22)

5 [Ni(MPAMT)Cl�2H2O] 28.36 4.18 20.82 9.30 9.78 18.02 6.41 2.93

(28.07) (4.09) (20.46) (9.40) (10.37) (18.12)

6 [Cu(MPAMT)Cl�H2O] 28.92 4.12 20.65 9.65 10.56 20.24 9.78 0.86

(29.19) (4.00) (21.27) (9.72) (10.79) (19.46)
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3.4. Thermal analysis

The temperature of decomposition, the pyrolysed

products, the percentage mass loss of the ligands, and

the percent ash are given in Table 2.

All the complexes decompose in two steps. The ®rst

step, 35±3108C, brings about a mass loss ranging

between 16.2 and 20.1%. This loss corresponds to a

loss of one coordinated water and chloride as HCl. In

the second step of decomposition the ligand is lost in

the 211±8508C range. There is no further mass loss

beyond 8508C and a plateau is obtained which corre-

sponds to the formation of a stable metal oxide. It

agrees well with analytical results within the experi-

mental errors.

The measured curves obtained during TG scans

were analysed to give the percentage mass loss as a

function of temperature. T0 (temperature of onset of

decomposition), T10 (temperature for 10% mass loss)

and Tmax (temperature of maximum mass loss) are the

main criteria to indicate the thermal stability of the

complexes. The higher the values of T0, T10 and Tmax,

the higher the thermal stability.

Broido's method was used to evaluate the kinetic

parameters from the TG curve. Plots of ln (ln 1/y) vs.

1/T (where y is the fraction not yet decomposed) for

different stages of the thermal degradation process of

the complexes were identi®ed and are shown in Figs. 2

and 3. Fig. 2 represents the ®rst step of degradation

and Fig. 3 the second.

In order to determine the thermal stability trend, the

parameters T0, T10, Tmax, the activation energy (Ea)

and the frequency factor (ln A), were evaluated and are

given in Table 3. The thermodynamic parameters,

enthalpy (�H#), entropy (�S#) and free energy

(�G#) of activation were calculated using standard

equations and the values are given in Table 4.

The �S# values were found to be negative, which

indicates a more ordered activated state that may be

possible through the chemisorption of oxygen and

other decomposition products [24]. The values of

activation energy for the second stage of decomposi-

tion were found to be higher than that for the ®rst stage

which indicates that the rate of decomposition of the

second stage is lower than that of ®rst stage. This may

be attributed to the structural rigidity of the ligand, 3-

N-methyl-morpholino-4-amino-5-mercapto-1,2,4-tri-

azole and 3-N-methyl-piperidino-4-amino-5-mer-

capto-1,2,4-triazole, as compared with H2O and Cl,

which requires more energy for its rearrangement

Fig. 2. Plots of ln (ln 1/y) vs. 1/T for the first degradation process of: (A) [Co(MMAMT)Cl�2H2O]; (B) [Ni(MMAMT)Cl�2H2O]; (C)

[Cu(MMAMT)Cl�H2O]; (D) [Co(MPAMT)Cl�2H2O]; (E) [Ni(MPAMT)Cl�2H2O]; and (F) [Cu(MPAMT)Cl�H2O].
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before undergoing any compositional change. Further,

it is generally observed that stepwise formation con-

stants decrease with an increase in the number of

ligands attached to the metal ion [25]. During the

decomposition reactions a reverse effect may occur.

Hence, the rate of removal of the remaining ligands

will be smaller after the expulsion of one or two

ligands [26].

Fig. 3. Plots of ln (ln 1/y) vs. 1/T for the second degradation process of: (A) [Co(MMAMT)Cl�2H2O]; (B) [Ni(MMAMT)Cl�2H2O]; (C)

[Cu(MMAMT)Cl�H2O]; (D) [Co(MPAMT)Cl�2H2O]; (E) [Ni(MPAMT)Cl�2H2O]; and (F) [Cu(MPAMT)Cl�H2O].

Table 3

Data obtained from TGA analysis: temperature characteristics, activation energies and frequency factors of the decomposition process

Complex T0/8C T10/8C Tmax/8C Process Ea/(kJ molÿ1) ln [A/minÿ1]

[Co(MMAMT)Cl�2H2O] 40 210 640 I 0.95 4.34

II 12.44 9.17

[Ni(MMAMT)Cl�2H2O] 35 125 580 I 1.66 5.14

II 12.12 9.25

[Cu(MMAMT)Cl�H2O] 40 220 688 I 1.53 5.02

II 14.67 9.90

[Co(MPAMT)Cl�2H2O] 40 98 850 I 2.17 5.60

II 27.52 13.02

[Ni(MPAMT)Cl�2H2O] 50 220 580 I 1.14 4.56

II 30.63 5.91

[Cu(MPAMT)Cl�H2O] 70 285 720 I 0.22 2.60

II 44.67 16.94
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The values of the entropy for all degradation steps

of all the complexes are negative. The enthalpies of

activation are negative for the ®rst step and positive for

the second. However, the negative values of the

entropies of activation are compensated by the values

of the enthalpies of activation, leading to almost the

same values (50.67±87.46 kJ molÿ1) for the free ener-

gies of activation.
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