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The thermal decomposition of the complexes Mg(ac)z - (Etzna)2 - 2H20 (I), Mg(Clsac)s2 - (Etzna)s
. 3H20 (II), and Cu(ClsaC)z . (Et-;na)z d 3H20 (III) (where ac = CHsCOO_, Clsac = ClaCHCOO_,
and Etsna = N, N-diethylnicotinamide) had been investigated in air in the temperature range 20—
1000°C by means of thermogravimetry (T'G) and differential thermal analysis (DTA). The compo-
sition of the complexes and the solid state intermediate and resultant products of thermolysis had
been identified by means of elemental analysis and complexometric titration. The possible scheme
of destruction of the complexes is suggested. Heating the compounds first results i a release of
water molecules. The loss of the volatile ligand (Etzna) occurs in one step. The thermal stability of
the complexes increases in the sequence: II, III, I. The final products of the thermal decomposition
were MgO (I and II) and CuO (III). The IR, EPR, and electronic spectral analyses were used.
Etana is coordinated to Mg(II) and Cu(II) through the nitrogen atom of its heterocyclic ring. EPR

data suggest a dimeric structure of compound III.

Carboxylatocopper(II) complexes are of interest
from both the chemical and biological points of view.
Copper(II) carboxylates with nitrogen donor ligands
have attracted increasing interest in recent years. This
interest largely derives from the discovery that the
carboxylate groups possess a pronounced tendency to
serve as a bridge between copper(II) atoms with a ni-
trogen donor ligand in terminal position [1—3]. From
our point of view it was challenging to study the in-
teraction between metal ions and heterocyclic nitrogen
compounds that occur in living systems and are used
as medicaments [4]. It is also well known that hetero-
cyclic compounds play a significant role in many bio-
logical systems, especially six-membered ring system
being a component of several vitamins and drugs [5, 6].
Therefore, it is not surprising that many authors have
investigated heterocyclic compounds, examined them
as ligands in coordination complexes of several central
atoms and also investigated the thermal properties of
these complexes [7—20]. It is known that some drugs
act via chelation or via the inhibition of metalloen-
zymes, but little is known about the modification of
activity of most drugs when their ligating potential
is utilized. The interaction of copper(II) atom, which
plays a vital role in a number of quite different biologi-
cal processes, with therapeutically administered drugs
is a subject of considerable interest [21].

This work is a continuation of our previously re-
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ported studies [22—33] on the Mg(II) complexes with
heterocyclic N-donor ligands. The molecular structure
and spectral analysis of Cu(II) flufenamates with N,N-
diethylnicotinamide, known as an important respira-
tion stimulant is described in [34]. In this paper we
deal with the results of synthesis, thermal and spec-
tral analyses of the above-mentioned new Mg(II) and
Cu(Il) complexes [—III.

EXPERIMENTAL

Electronic spectrum in the T-region 10—28 kK was
measured with a Perkin—Elmer 450 spectrophotome-
ter and IR spectrum in the 7 region of 200—4000 cm™?
with the Philips Analytical PU9800 FTIR spectrome-
ter. In both cases the Nujol suspension technique was
used. EPR spectrum of powdered sample was run on a
Varian model E 4 spectrometer at room temperature.
Thermal decomposition of the complexes was carried
out on Paulik—Paulik—FErdey Derivatograph (Type
OD 102, MOM Budapest) in air atmosphere by using
a platinum crucible with a sample mass of 100 mg in
the temperature range 20—1000°C. The rate of tem-
perature increase of 10°C min~! was chosen for the
measurement.

Compounds I, II, and III were prepared by dissolv-
ing 0.05 mol of Mg(ac),-2H,0, Mg(Clsac), - 3H20,
and Cu(Clszac);-3H,0, respectively in 100 cm® of
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ethanol and by gradually adding Etena (1.78 g, 0.1
mol). The solutions were reduced in volume at room
temperature and left to crystallize. The complexes
formed were filtered off (ca. 70 % yield), washed with
ether, and dried at room temperature.

RESULTS AND DISCUSSION

The content of carbon, nitrogen, and hydrogen was
determined by elemental analysis and the content of
magnesium and copper was established by complexo-
metric titration. The analytical data of the compounds
I—IIIshow a good agreement between the experimen-
tal and calculated data (variation < 1 %).

The complexes I—IIT are thermally relatively sta-
ble. Thermal decomposition of the compounds is the
multistage process. The subsequent detachment of the
ligands was observed. The final products were MgO (1,
II) and CuO (III). The TG and DTA curves of the
complexes I—III are shown in Figs. 1—3.

The TG and DTA curves for Mg(ac)s - (Etana)s -
2H,0 (I) are shown in Fig. 1. The TG curve for that
complex indicates that it is stable at temperature up
to 150°C, when there begins the slow decomposition
to MgQO, as to the final product formed at 780°C. The
TG curve shows two bendings at 320°C and 670°C.
They correspond to the presence of two intermedi-
ate decomposition products: Mg(ac)s - (Etena), and
Mg(ac)z. The most probable thermal decomposition
scheme is

Mg(ac)s - (Et,na), - 2H,0

M) Mg(ac), - (Et,na), + 2H,0

320—670°C

150—320°C

Mg(ac), - (Et,na),

M Mg(ac), + 2Etzna

Mg(ac), M} MgO + G. products

The DTA curve for the complex (Fig. 1) presents
two endothermic peaks at 195°C and 390°C corre-
sponding to the loss of 2H;0 and N, N-diethylnicotin-
amide, respectively, and an exothermic process at
700°C corresponding to decomposition reactions of ac-
etates, with simultaneous formation of MgO.

The TG and DTA curves for Mg(Clzac)s - (Etena)s
-3H50 (II) are shown in Fig. 2. The TG curve for that
complex indicates that it is stable at temperature up
to 155°C, when there begins the slow decomposition
to MgO, as to the final product formed at 820°C. The
TG curve shows two bendings at 350°C and 640°C.
They correspond to the presence of two interme-
diate decomposition products: Mg(Clsac), - (Etana)s
and Mg(Clsac)s. The most probable thermal decom-
position scheme is

Mg(Clsac); - (Et,na), - 3H,0
1556—350°C

155—350°C

Mg(Clsac), - (Et,na), + 3H,0
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Fig. 3. TG and DTA curves of III.

Mg(Claac), - (Et,na), —20—040C ,

—MOC—) Mg(Clzac), + 2Etzna
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Mg(ll) AND Cu(ll) COMPLEXES

Table 1. Infrared Spectral Data (#/cm~! 200—4000) of Complexes I—III

Assignments Et2na I g m
v(CO) 1636 1637 1640 1638
v(CN) 1590 1605 1606 1608
v(CCC) 644 652 639 642

617 613 616 618
Vas(COO™) 1616 1651 1651
vs(CO0™) 1366 1414 1417
Acoo 943 250 237 234
v(C—C) 947 949 947
V(C—H)ac 2851, 918 2847, 919 2853, 920
v(OH) 3231 3266 3331
Others 652, 710, 824, 762, 822, 669, 754, 770,
(600—1000 cm™1) 878, 915 880, 970 795, 824, 880
m(CO2) 539 541 540

as = asymmetric, s = symmetric.

Mg(Clsac), M MgO + G. products

The DTA curve for the complex (Fig. 2) presents
two endothermic peaks at 185°C and 425°C cor-
responding to the loss of 3H,O and two N,N-
diethylnicotinamide molecules, respectively, and an
exothermic process at 725°C corresponding to decom-
position reaction of 2Clzac, with simultaneous forma-
tion of MgO.

The TG and DTA curves for Cu(Clsac), - (Etana)s
-3H,0 (III) are shown in Fig. 3. The TG curve for
that complex indicates that it is stable at temper-
ature up to 110°C, when there begins the slow de-
composition to CuO, as to the final product formed
at 790°C. The TG curve shows two bendings at
230°C and 600°C. They correspond to the presence of
two intermediate decomposition products: Cu(Clsac)s
-(Etgna),, and Cu(Clzac)s. The most probable ther-
mal decomposition scheme is

Cu(Clsac), - (Et,na), - 3H,0 —10=230°C ,

L0280, Gu(Clzac), - (Btyna), + 3H,0

Cu(Clsac), - (Et,na), —230—600°C ,

M Cu(Clzac), + 2Etsna

Cu(Cl3ac)2 ML

CuO + G. products
The DTA curve for the complex (Fig. 3) presents
an endothermic peak at 130°C corresponding to the
loss of three molecules of water and two exother-
mic processes at 340°C and 660°C corresponding to
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decomposition reactions of two molecules of N,N-
diethylnicotinamide and 2Clsac, respectively, with si-
multaneous formation of CuO.

The results of thermal decomposition of the com-
plexes were compared with literature,results of metal
complexes with carboxylates and halogenocarboxy-
lates [35—38)]. The elimination of Etzna is endother-
mic process in complexes I and IT and exothermic pro-
cess in complex III. The stoichiometry of thermal de-
composition can also be influenced by the changes of
experimental conditions [39—41].

The solid-state electronic spectrum of Cu(Clsac)s
- (Etana)s - 3H,O exhibits a ligand field band with a
maximum at 14500 cm™! which was identified with
d—d transitions of the Cu(II) and a shoulder at 26000
cm~!. The shoulder should be characteristic of the
bridging system with the antiferromagnetic interac-
tion [42].

The modes of the coordinated ligands in the com-
plexes have been investigated by means of infrared ab-
sorption spectra. The most important infrared spec-
tral data are reported in Table 1. The IR spectra
of compounds I[—III show broad absorption bands
in the U range 3231—3331 cm™!. These frequen-
cies correspond to the vg,s(OH) [43]. These bands
clearly confirm the presence of water of crystalliza-
tion in the compounds. The compounds showed the
carboxylate stretching frequencies vs(COO™) in the
7 range 1366—1417 cm™! and v,5(COO™) in the ¥
range 1616—1651 cm~!. The positions of the bands
are characteristic of metal(II) carboxylate compounds
[44]. 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 COO~
group bands frequencies allowed the determination of
parameter Acoo = P(vas(CO0™)) — #(vs(COOT)).
The magnitude of Acoo has been used by Nakamoto
as a criterion of the way of carboxylate binding with
metal ions. Calculated from the examined spectra val-



ues of Acoo are in the ¥ range 234—250 cm™!. These
values and three bands (COO~ deformation) at 720—
920 cm™! and a strong band (7(CO),) near 540 cm ™!
of complexes I—III are in good accord with the liter-
ature data for unidentately bonded carboxylate struc-
tures [43)].

The stretching vibration of the C=N in the pyri-
dine ring of N,N-diethylnicotinamide appeared at ¥
= 1590 cm™! [45]. Upon complex formation the peak
shifts to higher frequencies [46]. The shifts (to about
1605 cm™!) may suggest bond formation by the metal
with the nitrogen of heterocyclic ring [45].

EPR spectrum of Cu(Clzac); - (Etzna)s - 3H20 con-
tained the typical absorption band of dimeric species.
The spectral feature shows absorption at low and high
fields (Hz; and Hz,, respectively), with an asymmet-
rical absorption near 4500 G (Ht 2). The spectrum
can be interpreted by a spin Hamiltonian for axial
symmetry: H = g|8H2S: + g1 (H:S: + HySy) +
D(S2 + 2/3), where S = 1 for the thermally acces-
sible triple state, D is the zero-field parameter, and
the other symbols have their usual meaning. The val-
ues obtained for the spin Hamiltonian parameters are:
gL = 2.01; g = 2.23; gay = 2.08.

Without X-ray analysis no definite structure can
be described for the different components. We are not
able to get suitable single crystal for the X-ray anal-
ysis. However, predictions have been made by using
spectroscopic and analytical data and thermal decom-
position studies.
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