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Abstract

Solid complexes of five derivatives of thio-Schiff bases with La(IIl) and Ce(III) ions were
prepared and characterized by elemental and thermogravimetric analyses. The suggested general
formula of the solid complexes is [ML,(H;0)X]-2H,0, where M = trivalent lanthanide ion,
L = Schiff base and X = CI” or Cl0j. Information about the water of hydration, the coordinated
water molecules, the coordination chemistry and the thermal stability of these complexes was ob-
tained and is discussed. Additionally, a general scheme of thermal decomposition of the lantha-
nide-Schiff base complexes is proposed.
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Introduction

Schiff bases have received great attention due to their use as chemical inter-
mediates and perfume bases in dyes and rubber accelerators and in liquid crys-
tals for electronics. Some Schiff bases were tested for fungicidal activity and
correlations were made with the chemical structure [1]. Studies on the Schiff
base complexes with the lanthanides are limited as compared with those with
the d-block elements [2-7]. However, there has recently been renewed interest
in the lanthanide complexes with Schiff bases due to the simplicity of the Schiff
base molecules and the important applications of both lanthanides and Schiff
bases. Bullock et al. have prepared lanthanide-Schiff base complexes of the
forms MLCls3-nH,0 and ML,Cl;-nH,0, where L is a bidentate Schiff base [8].
Misra studied some lanthanide-Schiff base complexes and interpreted the cova-
lency in the bonding in terms of the nephelauxetic ratio, the metal orbital and
ligand orbital mixing coefficient [9]. The thermal behaviour of Nd(III) and
Sm(III)-Schiff base complexes was studied by Goel er al. by means of TG, DTG
and DSC techniques [6]. Liu Guofa et al. prepared lanthanide-Schiff base com-
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plexes of the form {MLz(NO3)](NOs), in which one nitrate group is in the inner
coordination sphere of the lanthanide metal ion [7].

In the present work, TG and DTA were carried out on La(III) and Ce(III)
complexes with new thio-Schiff bases in order to obtain information on the ther-
mal stabilities of these new lanthanide complexes and to suggest a general
scheme for their thermal decompositions.

Experimental

The Schiff bases were prepared by condensation of o-aminothiophenol with
the appropriate amount of aldehyde in ethanol, according to the general method
of synthesis of Schiff bases reported by Savich er al. [10]. The solution was re-
fluxed for 1 h and then left to cool, and the solid product was filtered off,
washed repeatedly with ethanol and then dried. The solids that separated out
were purified by crystallization from dilute acetic acid until constant melting
points were obtained. The purity of the prepared Schiff bases was confirmed by
elemental analysis, which indicated that the azomethine group was not hydro-
lysed by dilute acetic acid. The results indicate a high purity of 2 99.5%. The
ligands used in the present investigation have the structure

where X = p-CI(L1), p-N(CH3),(L2), p-NO,(L3), p-OCHs(L4) or p-CH3(LS).

The solid complexes were prepared by mixing hot saturated alcoholic solu-
tions of 0.005 mole of La(IIT) perchlorate or Ce(IIl) chloride with the corre-
sponding Schiff base to form 1:2 (M:L) complexes. The pH of the mixture was
raised with a few drops of ammonia solution to pH 6 and the reaction mixture
was refluxed for 3—4 h and then left to cool. The formation of M(NH3), from
the lanthanides can be excluded since NH; molecules can not compete with the
Schiff bases or H>O molecules. The solid complexes produced were filtered off
and washed repeatedly with ethanol until the filtrate became colourless. The
solid complexes were kept in a vacuum desiccator and subjected to elemental
analysis in the Microanalytical Centre of Cairo University (Table 1). The metal
contents of these complexes were determined after wet decomposition of the
complexes as previously described [11].

The thermal analysis of some lanthanide complexes was performed with an
OD 102 Derivatograph (MOM, Budapest). The mass loss was measured from
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Fig. 1 TG and DTA curves of La(Ill) complexes with ligand L1

ambient temperature up to 950°C at a heating rate of 10 deg-min". The TG,
DTG and DTA curves are shown in Figs 1 and 2, and the thermal results are
given in Table 2.

Results and discussion
Formulation of the solid complexes

The formulation of the Schiff base complexes as hydrated 1:2 species is in
good agreement with the C, H, N, S, Cl and metal analyses (Table 1). The ana-
lytical results show that these complexes have the general formula
[ML;H,0-X]2H,0, where M = trivalent lanthanide metal ion, L = depro-
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Fig. 2 TG and DTA curves of Ce(IIl) complexes with ligand L3

tonated Schiff base, and X = CI” or ClOy. According to this formula, the M ion
has a coordination number of 6, provided that the Schiff bases under investiga-
tion are bidentate ligands. The very low molar conductances (0.7-
2.2 ohm™-cm®mol ") indicate that they behave as nonelectrolytes in solution
and that the anion X is coordinated to the metal ion (Table 1).

Substituent effect

The effects of substituents on the complexation ability of the thio-Schiff
bases can be deduced from the values of the stability constants of their com-
plexes [12]. It was found that the derivatives containing electron-withdrawing
groups (e.g. Cl and NO;) have lower abilities for complexation as compared
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with those containing electron-donating groups (e.g. CHs and OCH3). This can
be explained on the basis of the effects of such groups on the donation of the
azomethine nitrogen of the Schiff bases. The donation property of the
azomethine nitrogen atom involved in chelation is decreased by the presence of
the electron-withdrawing groups and increased by the presence of the electron-
donating groups [12].

IR spectra of solid complexes

In order to determine the mode of chelation of the Schiff bases under inves-
tigation, it is necessary to investigate their IR spectra and compare them with
those of the free ligands (Table 2). From this comparison it was found that:

M—s

—=N

CH="

X

1. The broad weak S—-H stretching band is not significant enough to give in-
formation about the participation of the SH group in chelation (as concluded
from the NMR spectra). However, the shift in vcs to lower frequencies
(Avcs = 10-90 cm™) may be taken as an indication of the participation of the
SH group in chelation.

2. Upon chelation, the C=N stretching band of the Schiff bases is shifted to
higher frequencies, indicating the involvement of the N of the azomethine group
in chelation with the metal ion [13].

3. The broad band at 3500-3170 cm™ in the spectra of the complexes im-
plies the presence of HO molecules. The band due to the bending vibration of
H,0 was found at 972-813 cm™.

4. The new band at 516-467 cm™', which is assignable to the M—N stretch-
ing vibration (not present in the spectra of the free ligands), indicates the for-
mation of a coordinate M—N bond in the complexes.

5. The two bands in the regions 1100-1010 cm™ and 625-611 cm™" (in the
spectra of the complexes) are assigned to the vibration of ClOs. This implies the
presence of ClO; in the solid complexes.

NMR spectra of solid complexes

The NMR spectra of the thio-Schiff bases showed two signals at 3.4 and
7.4 ppm, which are assignable to SH and azomethine H, respectively. Upon
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chelation, the first signal disappeared completely, indicating the participation of
the SH group in chelation. Moreover, new broad signals appeared near 4 ppm
in the spectra of the complexes (with integration corresponding to 4 protons)
and can be assigned to 2H,0 molecules.

TG and DTA of solid complexes

It is not possible to distinguish between the hydration and the coordinated
H,O molecules from the IR spectral data. The TG method can here demonstrate
the nature of the H,O molecules in the complexes. The TG and DTA curves are
shown in Figs 1 and 2, while Table 3 lists the losses in mass (found and calcu-
lated) of the solid complexes in relation to the temperature.

The initial mass losses within the range 50-160°C are attributed to elimina-
tion of the hydration H,O molecules. The mass loss percentages correspond to
2 H;0 molecules. In the DTA curves, this dehydration process appeared as an
endothermic peak. The coordinated water is known to be eliminated at
150-250°C [14]. This process could not be detected for the lanthanide—Schiff
base complexes. It is believed that such coordinated water is eliminated at the
start of decomposition at 200°C. This is further supported by the presence of an-
other endothermic peak at 170-190°C before decomposition starts. The final
stage, at 600-700°C, is the formation of the stoichiometric oxides La;Os and
CeO; as end-products. The small inflection observed at 400-500°C corresponds
to the oxycarbonate intermediate M;0,CO; before oxide formation. The inter-
mediate M,0,CO:; has previously been observed in the same temperature range
during the thermal decompositions of some other lanthanide complexes [15,
16].

On the basis of the above observations, the following general scheme of ther-
mal decomposition may be proposed for the lanthanide-Schiff base complexes:

dehydration
1. [ML,-X-H,O2H —————— - [MLyX-H,O
[ML; 20]2H,0 100—160°C[LZ 0]
decoordination
. [MLy-X-H —————— [ML>
2. IMLXH0l =0 Datah
rtial d ition
3. [ML,X] pa 400 _eC;’O“(;E’gS‘ 0 intermediate
final iti
4. Intermediate nal decomposition metal oxides

600 — 700°C
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Zusammenfassung — Feststoffkomplexe von fiinf Derivaten von Thioschiff'schen Basen mit
La(III)- und Ce(llI)-Ionen wurden hergestellt und mittels Elementaranalyse und TG charakter-
isiert. Die vorgeschlagene Formel der Feststoffkomplexe lautet [MLa(H20)x]2H20 mit M=
dreibindiges Lanthanidenion, L= Schiff’'sche Base und X= CI™- oder ClO4-Ion. Informationen
iiber das Hydratwasser, die koordinierten Wassermolekiile, die Koordinationschemie und die
thermische Stabilitit dieser Komplexe wurde ermittelt und diskutiert. Auierdem wurde ein all-
gemeines Schema fiir die thermische Zersetzung der Lanthaniden-Schiff’schen Basen vorgesch-
lagen.
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