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Abstract

Thermogravimetry (TG), differential thermal analysis (DTA) and other analytical methods have been applied to the

investigation of the thermal behavior and structure of the compounds Mg(pc)(na)2�2H2O (I), Mg(pc)(Et2na)2�3H2O (II),

Mg(pc)(mpc)2�H2O (III) and Mg(pc)(ron)�2H2O (IV), where pc�2,6-pyridindicarboxylate, na�nicotinamide, Et2na�N,N-

diethylnicotinamide, mpc�methyl-3-pyridyl carbamate and ron�3-pyridylcarbinol (ronicol). Thermal decomposition of these

compounds are multi-stage processes. The composition of the complexes and the solid state intermediate and resultant

products of thermolysis had been identi®ed by means of elemental analysis and complexometric titration. The possible scheme

of destruction of the complexes is suggested. Heating the compounds ®rst results in a release of water molecules. In complexes

I, II and IV the loss of the molecular ligands (na, Et2na and ron) occur (on the TG curves) in one step (ÿ2na, ÿ2Et2na and

ÿron) and in complex III in two steps (ÿmpc, ÿmpc). The ®nal product of the thermal decomposition was MgO. The thermal

stability of the complexes can be ordered in the sequence: II<III<I<IV. Et2na, na, and ron were coordinated to Mg(II) through

the nitrogen atom of the respective heterocyclic ring. IR data suggest to a unidentate coordination of carboxylates to Mg(II) in

complexes I±IV. # 2000 Elsevier Science B.V. All rights reserved.
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1. Introduction

It is well documented that heterocyclic compounds

play a signi®cant role in many biological systems,

especially N-donor ligand systems being a component

of several vitamins and drugs [1,2]. It is not surprising,

therefore, that many authors have investigated hetero-

cyclic compounds and also examined them as ligands

in coordination compounds of several central atoms

[3±14]. In order to enhance understanding of drug±

metal ion interactions, we have been studying the

thermal properties of Mg(II) complexes with 2,6-

pyridindicarboxylic acid (pch) and Et2na, na, mpc

or ron, which are known as important components

of biological systems.

The reveal of the relationship between the structure

and thermolysis of metal carboxylate complexes, the

study of the in¯uence of metal and ligand nature on the

process of thermal decomposition are of a certain

interest. This work is a continuation of previously

reported studies [15±23] on the thermal and spectral
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properties of Mg(II) complexes with pyridine and

substituted pyridines. This paper describes the pre-

paration of complexes formed by the Et2na, na, mpc or

ron with pch (see Scheme 1), along with thermal

analyses and IR spectral investigation of prepared

complexes.

2. Experimental

2.1. Preparation of compounds

The complexes I±IV were prepared by treating na,

Et2na, mpc or ron (0.01 mol) with Mg(pc)�4H2O

(0.005 mol) in methanol. The solutions were left to

stand at room temperature. The ®ne microcrystals that

precipitated were ®ltered off, washed with diethyl

ether and dried at room temperature.

2.2. Measurements

Elemental analyses (C, H, N) were carried out by

means of a Carlo Erba 1106 analyzer. The IR spectra

were obtained on Philips analytical PU9800 FTIR

spectrometer by using Nujol mulls in the range

200±4000 cmÿ1, while thermal decomposition studies

were carried out on Paulik±Paulik±Erdey Derivato-

graph (Type OD 102, MOM, Budapest) in air atmo-

sphere by using a platinum crucible with a sample

weight of 100 mg in the range 20±10008C. The rate of

temperature increase of 108C min±1 was chosen for all

measurements.

3. Results and discussion

3.1. Analytical results of compounds

The content of N, C and H was determined by

elemental analysis and the content of Mg(II) was

established by complexometric titration. The analyti-

cal data of the compounds I±IV reported in Table 1

shows a good agreement between the experimental

and calculated data.

3.2. Thermal decomposition of the compounds

The thermal decomposition data of compounds I±

IV are collected in Table 2. The complexes I±IV are

thermally, relatively stable. Thermal decompositions

of the compounds are multi-stage processes. The

subsequent detachment of the ligands was observed.

The ®nal solid product was always identi®ed as MgO.

The TG and DTA curves for Mg(pc)(na)2�2H2O (I)

are shown in Fig. 1. The TG curve of that complex

indicates that it is thermally stable up to 1508C, when

the slow decomposition to MgO begins, as to the ®nal

product formed at 7108C. This is followed by two

mass loss steps between 150±300 and 300±5808C.

Based on this mass loss value (Table 2), these two

steps were attributed to the formation of two inter-

mediate decomposition products, i.e., Mg(pc)(na)2

and Mg(pc). The most probable thermal decomposi-

tion scheme is

Scheme 1.

Table 1

Analytical data of compounds

Complex Theoretical (%) Experimental (%)

C H N Mg C H N Mg

Mg(pc)(na)2�2H2O 48.34 4.03 14.84 5.15 48.30 4.02 14.85 5.13

Mg(pc)(Et2na)�3H2O 53.87 6.15 11.64 4.04 53.82 6.16 11.65 4.03

Mg(pc)(mpc)2�2H2O 49.05 4.09 13.63 4.73 49.01 4.07 13.61 4.72

Mg(pc)(ron)�2H2O 46.35 4.16 8.32 7.22 46.29 4.15 8.30 7.21
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Mg�pc��na�2 � 2H2O !150ÿ300�C
Mg�pc��na�2

Mg�pc��na�2 !300ÿ580�C
Mg�pc�

Mg�pc� !580ÿ710�C
MgO

The DTA curve for complex I (Fig. 1) displays

two endothermic peaks maximized at 160 and 3508C
corresponding to the loss of 2H2O and 2na, res-

pectively, and an exothermic peak maximized at

6508C corresponding to decomposition reaction invol-

ving the loss of pc with simultaneous formation of

MgO.

The TG and DTA curves for Mg(pc)(Et2na)2�3H2O

(II) are shown in Fig. 2. The TG curve for that

complex indicates that it is thermally stable up to

1158C, when the slow decomposition to MgO begins,

as to the ®nal product formed at 7458C. This is

followed by three mass loss steps between 115±210,

210±360 and 360±6408C. Based on this mass loss

value (Table 2), these three steps were attributed to the

formation of three intermediate decomposition pro-

ducts, i.e., Mg(pc)(Et2na)2�2H2O, Mg(pc)(Et2na)2 and

Table 2

Thermal decomposition data

Complex DTA results TG results

Tpeaks (8C) Trange (8C) Mass loss (%)

found (calculated)

Loss Composition of the residue

found (calculated) (%)

Mg(pc)(na)2�2H2O 160 endo 150±300 7.60 (7.63) 2H2O MgO 8.50 (8.54)

350 endo 300±580 51.80 (51.79) 2pic

650 exo 580±710 Decomposition

Mg(pc)(Et2na)2�3H2O 130 endo 115±210 3.00 (2.99) H2O MgO 6.75 (6.70)

230 endo 210±360 6.00 (5.99) 2H2O

400 endo 360±640 59.25 (59.19) 2Et2na

690 exo 640±745 Decomposition

Mg(pc)2(mpc)2�H2O 140 endo 130±205 3.50 (3.50) H2O MgO 7.80 (7.85)

250 endo 205±450 29.50 (29.62) mpc

470 endo 450±660 29.75 (29.62) mpc

710 exo 660±740 Decomposition

Mg(pc)(ron)�2H2O 210 endo 165±350 10.75 (10.70) 2H2O MgO 12.00 (11.98)

390 endo 350±660 32.50 (32.42) ron

720 endo 660±780 Decomposition

Fig. 1. TG and DTA curves of Mg(pc)(na)2�2H2O (I). Fig. 2. TG and DTA curves of Mg(pc)(Et2na)2�3H2O (II).
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Mg(pc). The most probable thermal decomposition

scheme is

Mg�pc��Et2na�2 � 3H2O

!115ÿ210�C
Mg�pc��Et2na�2 � 2H2O

Mg�pc��Et2na�2 � 2H2O !210ÿ360�C
Mg�pc��Et2na�2

Mg�pc��Et2na�2 !360ÿ640�C
Mg�pc�

Mg�pc� !640ÿ745�C
MgO

The DTA curve for complex II (Fig. 2) presents

three endothermic peaks maximized at 130, 230 and

4008C corresponding to the loss of H2O, 2H2O and

Et2na, respectively, and an exothermic peak maxi-

mized at 6908C corresponding to decomposition reac-

tion involving the loss of pc with simultaneous

formation of MgO.

The TG and DTA curves for Mg(pc)(mpc)2�H2O

(III) are shown in Fig. 3. The TG curve for that

complex indicates that it is thermally stable up to

1308C, where the dehydration process commences.

This is followed by three mass loss steps between 130±

205, 205±450 and 450±6608C. Based on this mass loss

value (Table 2), these three steps were attributed to the

formation of three intermediate decomposition pro-

ducts, i.e., Mg(pc)(mpc)2, Mg(pc)(mpc) and Mg(pc),

while the ®nal solid product is concluded to be MgO.

The most probable thermal decomposition scheme is

Mg�pc��mpc�2 � H2O !130ÿ205�C
Mg�pc��mpc�2

Mg�pc��mpc�2 !205ÿ450�C
Mg�pc��mpc�

Mg�pc��mpc� !450ÿ660�C
Mg�pc�

Mg�pc� !660ÿ740�C
MgO

The DTA curve for complex III (Fig. 3) displays

three endothermic peaks maximized at 140, 250 and

4708C corresponding to the loss of H2O, mpc and mpc,

respectively, and an exothermic peak maximized at

7108C corresponding to decomposition reaction invol-

ving the loss of pc with simultaneous formation of

MgO.

The TG and DTA curves for Mg(pc)(ron)�2H2O

(IV) are shown in Fig. 4. The TG curve of that

complex indicates that it is thermally stable up to

1658C, where the dehydration process commences.

This is followed by two mass loss steps between 165±

350 and 350±6608C. Based on this mass loss value

(Table 2), these two steps were attributed to the

formation of two intermediate decomposition pro-

ducts, i.e., Mg(pc)(ron) and Mg(pc), while the ®nal

solid product is concluded to be MgO. The most

probable thermal decomposition scheme is

Mg�pc��ron� � 2H2O !165ÿ350�C
Mg�pc��ron�

Mg�pc��ron� !350ÿ660�C
Mg�pc�

Mg�pc� !660ÿ780�C
MgO

The DTA curve for complex IV (Fig. 4) displays

two endothermic peaks maximized at 210 and 3908C
corresponding to the loss of 2H2O and ron, res-

pectively, and an exothermic peak maximized at

7208C corresponding to decomposition reaction

Fig. 3. TG and DTA curves of Mg(pc)(mpc)2�H2O (III). Fig. 4. TG and DTA curves of Mg(pc)(ron)�2H2O (IV).
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involving the loss of pc with simultaneous formation

of MgO.

3.3. IR spectra

The modes of the coordinated ligands in the com-

plexes have been investigated by means of IR absorp-

tion spectra. The most important IR frequencies

attributed to the vibrations of the complexes I±IV
are reported in Table 3. The IR spectra of complexes

I±IV show broad absorption bands in the range 3249±

3385 cmÿ1. These frequencies of complexes I±IV
correspond to the antisymmetric and symmetric OH

stretch [24,26]. These bands clearly con®rm the pre-

sence of water in complexes I±IV. The compounds

showed the carboxylate stretching frequencies,

nCOOÿ�s� in the range 1406±1423 cmÿ1 and nCOOÿ�as�
in the range 1693±1699 cmÿ1. The position of the

bands are characteristic of metal(II) carboxylate com-

pounds [25]. Carboxylate ions can coordinate to metal

ions in a number of ways such as unidentate, bidentate

(chelating) or bridging and there is an evidence of that

fact in the IR spectrum. The analysis of COOÿ group

bands frequencies allowed on the determination of the

parameter DCOO � nCOOÿ�as� ÿ nCOOÿ�s�. The magni-

tude of DCOO has been used by Nakamoto [26] as a

criteria of the way of carboxylate binding with metal

ions. Calculated from the examined spectra values of

DCOO are in the range 293±275 cm±1. These values and

three bands (COO deformation) at 920±720 cmÿ1 of

complexes I±IV is in good accord with the literature

data for unidentately bonded acetates structures. The

stretching vibration of the C=N in the pyridine ring

appeared at 1590 cmÿ1 [27]. Upon complex formation

the peak shifts to higher frequencies [28]. The shifts in

complexes I±IV (in the range 1605±1608 cmÿ1) may

suggest that the bond formation of the metal with the

N of pyridine ring increases the dipolar contribution of

C=N� in the heterocyclic ring [27]. The absorption

bands which occur in the range 242±206 cmÿ1 n�MgÿN�
also con®rm the coordination of na, Et2na, mpc and

ron to Mg(II) through the nitrogen atom of respective

heterocyclic ring.

4. Conclusions

All of the complexes I±IVare hydrated, stable in air

and soluble in water, ethanol, methanol and dimethyl-

sulfoxide. In complexes I, II and IV loss of the neutral

ligands occurs (on the TG curves) in one step and in

complex III in two steps. The thermal stability of the

complexes can be ordered in the sequence:

II<III<I<IV. The results reveal that MgO is left as

Table 3

IR spectral data (4000±200 cmÿ1) of complexes I±IV (as�antisymmetric and s�symmetric)

Assignments I II III IV

n�CO� 1665 1654 1669 ±

n�CN� 1607 1608 1605 1606

g�CCC� 668 688 681 672

612 611 610 613

Mg±N 216 224, 239 213 228, 239 216 233, 242 206 225, 238

nCOOÿ�as� 1698 1699 1696 1693

nCOOÿ�s� 1423 1406 1407 1410

DCOO 275 293 289 283

n�CÿC� 971 972 974 975

n�CÿH�ac
2845 916 2847 919 2846 921 2848 922

n�CÿH�ring
861 862 863 864

n�OH� 3345 3249 3356 3318 3385

d�HOH� 1615 1613 1614 1611

Others (650±1000 cmÿ1) 724 751, 762 747 762, 780 654 760, 833 742 760, 804

778 800, 920 854 950 857 890, 941 833 841, 941

n�MgÿO� 252 372, 390 250 271, 305 303 380 302 363

p�CO2� 539 540 538 541
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residue at the end of the thermal degradation experi-

ments of the compounds I±IV. The stoichiometry of

thermal decomposition can also be in¯uenced by the

changes of experimental conditions [29,30]. IR data is

in good accord with the literature data for unidentately

bonded acetates structures. Et2na, na, mpc and ron

were coordinated to Mg(II) through the nitrogen

atom of the respective heterocyclic ring in complexes

I±IV. The preliminary study has shown that the com-

plexes do have a biological activity. Without X-ray

analysis, no de®nite structure can be described for the

different components. However, spectroscopic and

analytical data available enable us to predict structures

and we can also use thermal decomposition studies to

help us.
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