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Abstract

The stoichiometry of thermal decomposition was studied for the following Mg(II) nicotinamide
(NA} complexes: Mg{AchLINAY2H,G (1), Mg(CIAC)LINA)6H,O (I, Mg(Cl,AC),(NA),
SH,O (111} and Mg(ClAc),(NA),2H,0 (IV), where Ac=CH;COOQ", ClAc=CICH,CO0", Cl,Ac=
CL,CHCOO™ and CLAc=ClL,CCOO™. Heating the compounds results first in the release of water
molecules. The NA molecules are released in onc step (complexes [T and 1} or in two steps (com-
plexes T and V). The compositions of 1he complexes, the solid-state intermediates and the prod-
ucts of thermolysis were identified by means of elemental analysis and complexometric titration.
The results reveal that MgO is left as residue at the end of thermal degradation of compounds [-
1V. NA is coordinated 1o Mg(1I) through the nitrogen atom of the heterocyelic ring. The IR data
indicate unidentate coordination of the carboxylatc ions to the Mg(1l} in complexes [-1V.
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Introduction

Carboxylatomagnesium(Ily complexes are of interest from both chemical and
hiological aspect. Complexes of Mg(I) carboxylates with nitrogen donor ligands
have attracted increasing intercst in recent years. This intercst fargely stems from the
discovery that the carboxylate groups possess a pronounced tendency to serve as a
bridge belween metal(IT) atoms in complexes with a nitrogen donor ligand in termi-
nal position [1, 2]. From our point of vicw, it is challenging to study the interactions
between metal jons and helerocycelic nitrogen compounds that occur in living sys-
tems and arc used as medicaments. Many authors have investigated heterocyclic
compounds and also examincd them as ligands in coordination compounds of sev-
cral central atoms, in conscquence of their important roles in many biological sys-
tems [3-8]. This work is a continuation of our previously reported studices [9-121].
Nicotinamide is known as an impertant component in biological systems [13]. How-
cver, the reported data on the thermal decompositions and IR specural analysis of
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Mg(II) complexes with NA are rather rare. Therefere, this paper is aimed at the syn-
thesis, thermal analysis and IR spectral analysis of four new Mg(Il) complexes. I-1V.

Experimental
Preparation of the complexes

Compounds I-1V were prepared by dissolving 1.22 g NA in cthanol, followed by
the gradual addition of an ethanolic solution of the appropriaie acetato or halo-
genoacetato Mg(T1) complexes in a molar ratie of 6:1. The solutions were reduced in
volume at room temperature and left to crystallize. The complexes which formed
were liltered off, washed with diethyl ether and dried at room temperature.

Measurements

The IR spectra were obtained on a Philips analytical PU9800 FTIR spectrometer
by using Nujol mulls in the range 200-4000 cm™', while thermal decomposition
studies were carried out on a Paulik-Paulik-Erdey derivatograph (type OD 102,
MOM, Budapest) in air atmosphere, using a platinum crucible with a sample mass
of 100 mg in the temperature range 20-1000°C. A rate of temperature increase of
10°C min~! was chosen for all measurcments.

Results and discussion

The contents ol N, C and H were determined by elemental analysis, and that of
Mg by complexometric titration. The analytical data on compounds -1V, reported in
Table 1, revealed good agreement with the calculated data.

Table 1 Analyiical data on compounds

Theoretical (%) Experimental (%}
Complex
C H N My C H N My
Mg(Ac),(NA)-2H,0 51,77 508 1777 305 5193 513 1772 303

Me(ClAC),(NA) 61,0 4567 495 1598 231 4574 495 1594 134
Mg (Cl,Ac),(NA)SH,0 43,58 436 1525 221 4340 446 1518 223
Mg(CLACL(NA),2H,0 4296 358 1504 220 4295 3.66 1505 2.26

Thermal behaviour of the compounds

The termal decomposition data on compounds I-1V are collected in Table 2. The
thermal decompositions of these compounds are mulli-stage processes. The final
product in cach case was MgO. The results on the thermal decompositions of the
complexes were compared with literature results on the metal complexes with car-
boxylates and halogenocarboxylates [14--16],
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lable 2 Thermal decomposition data
DTA results TG results

Complex Toead"C Tranpd'C ?SS;Z l((l_s;ljzr; M]gl:qu Residue
Mg{Ac),(NA)2H,0 110 endo  110-250 4,50¢4,57) 2H,0

335endo  250-500 61.90(61.89) ANA MgOQ

530 ende  S00-6153 15.50(15.4R) NA

650 cxo  615-660 decomposition
Mg{CIAC),(NA),6H,0  220¢cndo  150-310 14.25(10.27) 6H,0

410 endo 310400 G9.60(69.03) O6NA MgO

830 exo  400-950 decomposilion
Mg(CLAC)(NA),SH,O 220 endo 170-280 8.20(8.17) 5H,0

370 endo 2R0-300 66.40(66.41) GNA MgO

790 exo  500-950 decomposition
Mg(ClLAC){NA)-2H,0  123endo  75-170 3.2003.22) 2H,0

230 enddo 170-340 21.80021.84) 2NA MgO

425 endo  340-520 43.70(34.68) ANA

7I0¢cxo  520-800 decomposition
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Fig. 1 TG and DTA curves of Mg(Ac),(NA),-2H.,O
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The TG and DTA curves for Mg(Ac)2(NA)s-2H,0 are depicted in Fig. 1. The TG
curve for this complex indicates that it is stable at temperatures up to 110°C, when
decomposition begins, leading 10 MgO as the final product formed at 660°C. The TG
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curve shows three bendings at 250, 500 and 615°C, which correspond to the pres-
ence of three intermediate decomposition products: Mg(Ac),(NA)s, Mg(Ac)(NA)
and Mg{Ac),. The most probable thermal decomposition scheme is

Mg(AC)(NA)s 2H,0 L0206 Mg(ac),(NA)s Z307300°C My(Ac)NA)

500-615"C Mg(Ac) 615-660"C MgO

The DTA curve for the complex (Fig. 1) presents three endothermic peaks, at
140, 335 and 530°C, corresponding to the loss of 2H,0, 4NA and NA, respectively,
and a broad exothermic maximum centred at aboul 650°C, corresponding 1o the loss
of 2Ac, with the simultaneous formation of MgQ.

0
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Fig. 2 TG and DTA curves of Mg(ClAc),(NA),-6H,0

The TG and DTA curves of Mg(ClAc),(NA),-6H;0 are given in Fig. 2. The TG
curve indicates that it ts thermally stable up to 170°C, where the dehydration process
commences. This is followed by two mass loss steps in the intervals 170-300°C and
300-830°C. On the basis of the mass losscs (Table 2), these twao steps were attributed
to the formation of the intermediates Mg(CIAc),{NA), and Mg(ClAc),, while the fi-

natl solid product was Mg, The most probhable thermal decomposition scheme is

Ma(ClAC)(NA),-6H,0 70-300°C Mo(ClAc)(NAY, 200-830°C Mo(ClAC),

830-910°C Mgo
—_—

The DTA curve of complex IT (Fig. 2) displays two endothermic peaks, with
maxima at 220 and 410°C, corresponding to the loss of 6I1,0 and 6NA, respectively,
and an exothermic peak with maximum at 850°C, corresponding to the decompasi-
tion of 2C1Ac with simultancous formation of MgO.
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Fig. 3 TG and DTA curves of Mg(CLAc),(NA),-5H,O

Mg(ClAckh{NA)g5H,0 is stable up to 155°C (Fig. 3). Above this temperature,
the elimination of neutral ligand begins. In the temperature range 155-300°C, the
compound lost 5H,0 in one step, accompanied by an endothermic peak at 220°C in
the DTA curve. Between 300 and 750°C, 6NA was eliminated in one step, abserved
as an endothermic peak at 370°C in the DTA curve. At a temperature higher than
750°C, decomposition of 2CI;Ac took place in one step, with an exothermic peak at
790°C in the DTA curve. The {inal product was MgQ. The most probable thermal de-
composition scheme here is

Mg(ClAC)NA ) SH,0 13373006 Mo(ClAc)(NA)g 2202739°C Mg(ClhAc),
750-820"C MgO

The TG and DTA curves for Mg(CliAc)(NA)Y,-2H,0 are shown in Fig. 4. The
TG curve indicates that it is stable up to 110°C, when slow decomposition to MgO
commences, the final product being formed at 330°C. The TG curve cxhibits three
bendings, at 200, 360 and 590°C, corresponding to the presence of three intermedi-
ate decomposition products: Mg(ClzAc){NA)g, Mg{Cl3AC)(NA), and Mg{Cl;Ac),.
'I'he most probable thermal decomposition scheme is

Mg(CLAC),(NA ), 2H,0 H0=200C nfo(ClLAc),(NAY, 200-360°C

Mg(ChAc)(NA), 360-390°C Mo(ClyAc), 22710 Mpo

The DTA curve of complex 1V (Fig. 1) displays three endothermic peaks, with
maxima at 125, 230 and 425°C, corresponding to the loss of 2H,0, 2ZNA and 4NA.
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Fig. 4 TG and DTA curves of Mg(Cl,Ac),(NA)-2H,0

respectively, and an cxothermic peak with maximum at 660°C, corresponding (o the
decomposition of 2ClAc with the simultancous formation of MgO.

IR spectra

The absorptiom bands in the ranges 3551-3245 cm™' v(OH) and 1627~
1612 cm™' 8(HOH) confirm the presence of waler of crystallization, and those in the
range 650-1000 cm™' demonstrate the presence of water coordinated in the com-
plexes [17]. The magnitude of Apq has been used by Nakamoto 18] as a criterion
ol the mode ol carboxylate binding with metal ions. Calculations on the examined
spectra gave values ol Acgq in the range 340-263 cm™'. Thesc values, the three
bands (COOQ deformation) at 920-720em™' and a strong band [n(CO);] ncar
5S4 em™ {19 tor complexes -1V arc in good accord with the literature data for
unidentate-bonded  acclate  structures. The absorption bands in the range
239-206 cm™! v(Mg-N} confirm the coordination of NA to Mg?* through the nitro-
gen atom of is heterocyclic ring [20].
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