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THERMAL STABILITY OF NEW COMPLEXES BEARING BOTH
ACRYLATE AND ALIPHATIC AMINE AS LIGANDS
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This paper reports the investigation of the thermal stability of a series of new complexes with mixed ligands of the type
[M(en)(C5H;0,),]-nH,0 ((1) M=Ni, n=2; (2) M=Cu, n=0; (3) M=Zn, n=2; en=ethylenediamine and (C;H;O;)=acrylate anion).
The thermal behaviour steps were investigated in a nitrogen flow. The thermal transformations are complex processes according to
TG and DTA curves including dehydration, ethylenediamine elimination as well as acrylate thermolysis. The final products of de-

composition are the most stable metal oxides except for complex (2) that generates metallic copper.
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Introduction

The complexes with acrylate ion [1-4] were studied
in the last years in order to obtain ‘metal-containing
monomers’, compounds that can be polymerised with
different organic monomers in order to obtain
metal-containing polymers. It has been shown re-
cently increasing interest in lanthanide acrylates be-
cause of their optical properties [5—7]. Complexes
with acrylic acid and tetradentate tripodal ligand were
also synthesized and structurally characterized
[8-10]. Extended studies indicated that some of these
complexes display superoxide dismutase-like activ-
ity [10]. Complexes bearing acrylate and an aromatic
amine (2,2’-bipyridine, 1,10-phenanthroline or
4,4’-bipyridine) were synthesised in order to modu-
late the biological properties. So far, these species
have been studied in detail concerning their thermal
behaviour [11-13].

We report here the thermal behaviour of new
complexes of the type [M(en)(C;H;0,),]-nH,O
(1) M=Ni, n=2; (2) M=Cu, n=0; (3) M=Zn, n=2;
en=cthylenediamine and (C;H30,)=acrylate anion).
The study was extended to mixed complexes with
ethylenediamine having in view the antimicrobial ac-
tivity recently evidenced for some Co(III) complexes
bearing this ligand [14].

The thermal analysis (TG, DTA) of these com-
plexes elucidated the composition and also the num-
ber and nature of the water molecules. It was also evi-
denced the existence of an intermediate step corre-
sponding to the formation of metal carbonate for all

compounds. The final residues were the metal(Il) ox-
ides, except for copper(Il) complex that generates me-
tallic copper as powder X-ray diffraction indicated.

Experimental

All reagents were purchased from Aldrich and
Merck, reagent grade and were used without further
purification.

Synthesis of the complexes

Complex [Ni(en)(C;H30,),]-:2H,O (1): An aqueous
mixture formed from 0.952 g nickel hydroxo-
carbonate, 1.1 mL acrylic acid and 0.27 mL ethylene-
diamine was stirred at room temperature for 1 h. The
pale green solution obtained was filtered. The filtrate
was left to stand at room temperature and after a
week 15 mL DMSO was added. After another two
weeks the light blue crystals formed, were filtered off,
washed with ethylic alcohol and air-dried. Analysis,
found: Ni, 19.64; C, 32.27; H, 5.98; N, 9.52%; calcu-
lated for NiCgHsN,O¢: Ni, 19.77; C, 32.36; H, 6.11;
N, 9.43%; IR (KBr pellet), cm Vi,0> 35838; Vo, »
3473m; VN, 3311s; 0 (NH,) > 1646m; vascoo), 1567vs;
Vs(C00)s 1397s.

Complex [Cu(en)(C;H30;),] (2): To a solution
obtained by dissolving 0.896 g copper acrylate in
20 mL water was added 0.27 mL of ethylenediamine
under continuous stirring. The color of solution turns
immediately to dark blue. The reaction mixture was
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stirred for one hour. The solution was left to stand at
room temperature. The blue crystals obtained after a
week were filtered off, washed with ethylic alcohol
and air-dried. Analysis, found: Cu, 23.78; C, 36.02;
H, 5.22; N, 10.61%; calculated for CuCgH4N,Oy,:
Cu, 23.91; C,36.16; H, 5.31; N, 10.54%; IR (KBr pel-
let), cm: Vi, s 3438ms v, 331185 8y,
16501’1’1, Vas(CO0)» 1539VS, Vs(C00)s 1368s.

Complex [Zn(en)(C;H30,),]-2H,O0 (3): 0.81 g
zinc oxide was treated with 1.77 mL acrylic acid in
aqueous medium, under continuous stirring, until all
quantity of zinc oxide reacted. To this mixture 0.67 mL
of ethylenediamine was added and a white precipitate
was immediately obtained. The reaction mixture was
stirred for 30 min. The precipitate was then filtered off,
washed with water and air-dried. Analysis, found:
Zn, 21.46; C, 31.58; H, 5.89; N, 9.28%; calculated for
ZnCgHgN,Og: Zn, 21.53; C, 31.65; H, 5.98; N, 9.23%;
IR (KBr pellet), em™: v, ,, 3540sh; Vs, » S481vs;
VnH,) 3383vs; 8NH2’ 1636m;  Vagcooy, 1538vs;
Vs(C00)s 1362s.

Methods

The chemical analysis and IR spectral data were used
in order to confirm the nature of some intermediates
and also the final products. Chemical analysis of
carbon and nitrogen has been performed using an
EA 1110 analyzer. Nickel and zinc were determined
gravimetrically in the laboratories of Inorganic
Chemistry Department. Copper was determined
volumetrically using the thiosulfate method.

IR spectra were recorded in KBr pellets with a
Bio-Rad FTIR 135 spectrometer in the range
400-4000 cm .

The heating curves (TG, DTA and DTG) were
recorded using a Labsys 1200 Setaram instrument, with
a sample mass of 6-20 mg over the temperature range
of 20-900°C, using a heating rate of 10 K min™'. The
measurements were carried out in a nitrogen atmosphere
(flow rate 20 cm® min ') by using alumina crucibles.

Results and discussion

A series of complexes with mixed ligands (ethylene-
diamine and acrylate) were obtained from the reaction
of corresponding metal acrylate and ethylenediamine.
Except the copper complex, the other acrylates were ob-
tained in the reaction medium as a first step of synthesis.
The purpose of this paper was to evidence the thermal
behaviour, in nitrogen flow, of these complexes that
could be considered metal containing monomers. The
complexes have been formulated on the basis of chemi-
cal analysis and IR spectra as it follows:
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[Ni(C,HsN2)(C5H;0,),]-2H,0 Q8
[Cu(C,HgN,)(C3H30,)s] 2)
[Zn(C,HsN»)(C5H50,),]-2H,0 3)

The IR spectra indicates that the ethylenediamine
as well as acrylate act as bidentate in all complexes.
The characteristic pattern of coordinated ethylene-
diamine (experimental part) generates the two bands
characteristic for amine group in the 33003500 cm
range. At about 1650 cm ' appears a band that can be
assigned to 8, vibration mode characteristic also
for ethylenediamine [15]. The acrylate fragment can
be identified due vicoo) and Vycooy bands. A
A=Va5cooy—Vscooy value higher than the ionic one
of 203 cm ' observed for sodium acrylate, indicates
an unidentate coordination mode while a A<203 ¢cm '
value indicates a bidentate (chelation/bridging) coor-
dination mode [16]. The Vagcooy and vycoo) bands as-
sociated with the acrylate fragment in complexes gen-
erate A values about 170 cm ' that indicate a bidentate
coordination mode. Except for complex (2) the spec-
tra of other complexes display a band around
3500 cm ' assigned to voy stretching vibrations for
water molecules [15]. On the basis of the above data
the proposed coordination for the complexes is as it
follows (Scheme 1):
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Scheme 1 The proposed coordination for complexes; M=Ni,
Cu, Zn

The results concerning the thermal decomposi-
tion of these new complexes in nitrogen atmosphere
are presented as follows.

Thermal decomposition of [Ni(C;HsN,)(C3H;30,),]-2H50

The TG, DTG and DTA curves corresponding to the
complex (1) heated in the 20-900°C temperature
range are presented in Fig. 1.

The thermal decomposition occurs in three,
well-defined steps. The first step, which is endo-
thermic, corresponds to water molecules loss. The
resulted anhydrous compound is stable over a range
larger than 100°C. In Fig. 2 the IR spectra of complex
and anhydrous intermediate are presented. The IR
spectrum of this residue preserves the pattern
observed for complex (1) except for the band at
3583 cm ' assigned to voy that disappears. The light
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Fig. 1 TG and DTA curves of [NI(C2H3N2)(C3H302)2]2H20
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Fig. 2 IR spectra of the a — [Ni(C,H3N,)(CsH;0,),]-2H,0 and
b — intermediate formed at 200°C

green colour of residue and its electronic spectrum
feature indicate that the coordination core remains
unchanged after dehydration. These aspects sustain
the idea of uncoordinated water, although this species
is released at high temperature. This behaviour could
indicate that the water molecules are involved in
strong hydrogen bonds with the ligands, behaviour
observed for other hydrated acrylate comp-
lexes [11-13]. The second step corresponds to ethyl-
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Fig. 3 TG and DTA curves of [Cu(C,HgN,)(C5H;0,),]

enediamine elimination as well as acrylate into
carbonate transformation. Thermal analysis per-
formed for other ethylenediamine complexes revealed
the loss of this species also in the first decomposition
step of the anhydrous complex [17-19]. The carbo-
nate decomposition follows as a third step, exo-
thermic one. The result of these processes is nickel(1)
oxide (found/calcd. overall mass loss: 74.85/74.84)

Thermal decomposition of [Cu(C,HgN,)(C3H30;),]

The complex (2) is anhydrous so there is no detect-
able change in TG curve up to 152°C (Fig. 3).

After melting at 152°C, the decomposition starts
immediately and comprises ethylenediamine release
and acrylate decomposition, respectively. This step,
which is endothermic, is not a single one but consists in
at least two processes according to both TG and DTG
curves. The next, exothermic step corresponds to car-
bonate into metallic copper conversion (found/calcd.
overall mass loss: 75.97/76.09).

Thermal decomposition Of[Zn(CgHgNz)(C3H302)2]ZHZO

According to the TG profile the decomposition of
complex (3) occurs in three steps with zinc(II) oxide
as final product (found/calcd. overall mass loss:
73.21/73.15).

Table 1 Thermal behaviour data (in nitrogen atmosphere) for the acrylate complexes

Complex Step Thermal effect Temperature range/°C Aee,/% Ao/ %o
1 endothermic 90-200 12.23 12.13

[Ni(C,HgN,)(C5H;50,),]-2H,O0 2 endothermic 315-410 48.03 47.89
3 exothermic 410-900 14.59 14.82
1 endothermic 152%* 0.00 0.00

[Cu(C,HgN,)(C3H50,)s] 2 endothermic 152-303 53.50 53.51
3 exothermic 303-900 22.47 22.58
1 endothermic 53-180 31.49 31.62

[Zn(C,HgN,)(C3H;30,),]-2H,0 2 endothermic 180-510 27.24 27.04
3 exothermic 510-900 14.48 14.49

*melting point
J. Therm. Anal. Cal., 92, 2008 207
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In the first step that is not a single one, the water
molecules and ethylenediamine elimination occur in
three successive processes as both TG and DTA indi-
cate. The second step, also endothermic, is accompa-
nied by a mass loss of 27.24% assigned to zinc(Il)
acrylate into zinc(Il) carbonate transformation. Ac-
cording to the both TG and DTG curves there are at
least two processes that take place in this range. Last
step, exothermic, corresponds to zinc(II) oxide gener-
ation by carbonate decomposition.

Conclusions

The new complex compounds of Ni(Il), Cu(Il) and
Zn(Il) with mixed ligands (ethylenediamine and
acrylate) belong to a class of coordination compounds
of current interest having into its composition a ligand
which allows inclusion of the metallic ions into a
polymeric matrix.

Thermal analysis (TG, DTA) of these complexes
elucidated the composition and also the number and
nature of the water molecules. It was also evidenced
in all cases the existence of an intermediate step cor-
responds to the formation of metal carbonates.

In all the cases, the final residue is the most sta-
ble metal oxide, except for complex (2) that generates
metallic copper.
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