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ABSTRACT

Some new bis( 8-diketonate) oxovanadium(IV) adducts with organic bases were prepared
and characterized. The structural properties of these compounds were studied using electronic
and IR spectroscopies, magnetic susceptibility measurements and analytical data.

Using DTA and TG techniques the degree of thermal stability of these compounds was
determined and the loss of one mole of coordinated base was observed in the initial
endothermic process. The activation energy and enthalpy of the endothermic process were
calculated using DSC techniques.

INTRODUCTION

A thermal and structural study of some bis( 8-diketonate) oxovanadium-
(IV) adducts with various organic bases is reported. A series of bis(B-di-
ketonate) oxovanadium(IV) adducts with pyridine and monosubstituted or
bisubstituted pyridines as base has previously been reported [1-4]. In these
studies a relationship was established between the strength of bonding of the
base with the vanadium atom and the activation energy, basic character,
thermal stability and frequency of vibration » (V=0) of the IR spectra.

In this work the synthesis of a new series of adducts obtained from
1,3-diphenylpropanedione (dbm) and 1-phenyl-1,3-butanedione (bza) with
heterocyclic nitrogen donors possessing different steric requirements is de-
scribed. The study of these complexes using IR and electronic spectrosco-
pies, magnetic susceptibility measurements and analytical data shows that
the stoichiometry of the complex is 2:1 (ligand : metal) and that of the
adducts is 1:1 (base: complex).

* Author to whom correspondence should be addressed.
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In the thermal study the DTA curves corresponding to the decomposition
of the adducts show only a single endothermic peak. The mass loss accom-
panying the endothermic transition corresponds to the loss of one molecule
of the base on the TG curve. By studying the endothermic process using
DSC techniques the activation energy and enthalpy were calculated.

The principal objective of this work is to establish a relationship between
the basic character of the organic base and the strength of its bonding with
the vanadium atom in the adduct formed. This was achieved using IR
spectroscopy (which shows a decrease in the »(V=0) and »(N — V) values
of the adducts compared with the complexes) and the activation energy
values of the initial endothermic process calculated from the DSC curves.

EXPERIMENTAL
Preparation of compounds

VO(bza), and VO(dbm), complexes were prepared following the method
described previously [5,6].

The adducts were prepared by dissolving 1 g of the VO(bza), or VO(dbm),
complex in 2 ml of organic base. This mixture was heated for 15 min and a
brown solid was formed after 24 h at room temperature. This solid was
filtered in vacuo, washed with a water and ethanol mixture (1:1) and dried
over P,O,,.

Materials

1,3-Diphenylpropanedione (dbm), 1-phenyl-1,3-butanedione (bza) and the
organic bases were obtained from Merck. The solvents used to prepare the
complexes were obtained from Carlo Erba or Merck.

Analytical procedure

Elemental analyses were performed using a Perkin-Elmer model 240B.
Vanadium was determined by atomic absorption using a Perkin—Elmer
model 430 atomic absorption spectrophotometer after decomposing the
compounds with a mixture of concentrated HNO, and H,SO, (1:1) {7]. The
analytical data for the compounds are shown in Table 1.

Magnetic susceptibility
Magnetic susceptibilities were measured by the Gouy [8] method at room

temperature using a Mettler H-51 AR balance and a type C Oxford
electromagnet. Molar susceptibilities were corrected for the diamagnetism of
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the constituent molecules [9,10]. The magnetic moments were calculated
according to the formula p=2.84(x1,7)%> BM, where x}, is the corrected
molar susceptibility. The values of the magnetic moments are given in Table
1.

IR spectra

The IR spectra were recorded on a Perkin-Elmer recording spectropho-
tometer (model 283). The samples were run as KBr pellets. The IR absorp-
tion peaks for the compounds prepared in this study are listed in Table 2.

Electronic spectra

The electronic spectra of the compounds were recorded in the range
220-1000 nm on a Beckman 5240 recording spectrophotometer using solu-
tions of the complexes in dichloromethane. The results obtained are given in
Table 3.

Thermogravimetric analysis

Thermogravimetric measurements were performed using a Mettler HE 20
thermobalance. The analytical constants were as follows: heating rate, 5°C
min~!; TG range, 20 mV; record rate, 20 cm™! h; reference, Al,O;; sample
mass, 20 mg; thermocouple Pt/ Pt—Rh.

The instrument was calibrated using indium as a standard. The analyses
were performed in a dynamic nitrogen atmosphere to 300 °C and then in an
oxygen atmosphere to 600°C.

The temperatures of the thermal transitions and the mass loss determina-
tions are shown in Table 4.

Differential scanning calorimetry

Thermal measurements were recorded using a Mettler TA 3000 system
with a Mettler differential scanning calorimeter (model DSC 20). Samples of
about 5 mg were used to render the degree of temperature non-uniformity
within the sample insignificant. An aluminium pan was used under a dry
nitrogen atmosphere. The scanning rate was 2°C min~'. The instrument
calibration was checked periodically with standard samples of indium. In all
cases several runs were performed and the results are shown in Table 5.

The activation energies were calculated using the procedure of Thomas
and Clarke [11,12]. A plot of log(d H/dt) vs. 1/T was obtained from the
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DSC data and from the linear region the activation energy was determined
using the equation

E, ]
2303RT B €
where K is the rate constant and A is the total area of the DSC peak.

—log K= —log(dH/dt)(1/4) = +

RESULTS AND DISCUSSION

The analytical data (Table 1) show that the stoichiometry of the com-
plexes is 2 : 1 (ligand : metal) and that of the adducts is 1:1 (base : complex);
the general formulae are VOL, (L =dbm and bza) and VOL,B (B=
morpholine, cyclohexylamine, piperidine, pyrrolidine, ethylamine and
piperazine) respectively.

All the complexes studied have magnetic moments in the range 1.68-1.72
BM (Table 1) at room temperature (295 K). These values are for one
unpaired spin and therefore show the existence of monomeric species of
vanadium(IV) (ion d).

The IR spectra of the compounds show the coordination of the dbm or
bza ligands in the enol form. All compounds show an intense band at
1528—1540 cm ™! [13,14], which can be assigned to the combined vibrational
stretching mode of the C=C and C=O bonds. This band can also be
described as a combination of the vibrational stretching modes of the
C-0-V and C-C bonds; the former corresponds to the ligand coordinated
to the metal and the latter to the chelate ring formed. A very strong band in
the 1320-1400 cm™! region is attributed to the C-O-V vibrational mode,
which confirms the formation of a vanadium chelate [15].

IR spectra exhibit a very strong band at 925-1000 cm™!, which is
attributed to the stretching vibration of the terminal V=0 bond. If the IR
spectra of the complexes VOL, are compared with the IR spectra of the
adducts VOL,B, it can be seen that in the adducts the »(V=0) band is
displaced to lower frequencies (925-950 cm™!) compared with the com-
plexes (996-1000 cm™1).

The decrease in strength of the V=0 bond (and hence »(V=0)) can be
attributed to the electronic donation of the organic base to the vanadium
(N - V), which increases the electron density on the metal d orbitals;
consequently, the p7 — d# donation from the oxygen atom to vanadium is
expected to be reduced to an extent which depends on the donor ability of
the base.

The pK,, value reflects the basicity of the ligand towards the proton. It
may be assumed that the pX, value of the ligand provides a measure of the
ability of the ligand to form o bonds with metal ions. In general (see Table
2) the greater the basicity the lower the frequency of the V=0 vibration.
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The IR spectra of the adducts exhibit a band at 320-340 cm™!, which is
assigned to the stretching vibration of the N — V bond.

The IR spectra of all the compounds obtained show two bands at
560-590 cm ™! and 360-385 cm ™! which are assigned to the antisymmetrical
and symmetrical stretching vibrations of V-Oy,. Both bands are displaced
to greater frequencies in the adducts than in the complexes, which indicates
that in the adducts the ligand—metal bond is strengthened because of the
electronic donation from the base to the vanadium atom.

The electronic spectra of the compounds obtained are in accordance with
the Ballhausen-Gray [16] scheme for a square pyramidal structure for the
complex and a distorted octahedral structure for the adducts.

The electronic spectra of the compounds obtained exhibit three bands in
the visible zone at 14400—14800, 16000-17000 and 20400-23300 cm™!
(Table 3). The first band can be attributed to a B, — 2 E (I) transition. It is
displaced to lower frequencies in the adducts, which indicates that the
*B, = ?E (I) transition is very sensitive to the electronic donation O — V
(see Table 3).

The second band can be assigned to a B, — 2B, transition. This band
indicates the strength of bonding between the vanadium and the ligands.
Therefore the band is displaced to higher frequencies in the adducts, because
the introduction of the base in the six-coordination position and the trans
effect strengthen the S-diketonate—vanadium o bond, as is observed in the
IR spectra.

In the UV region two intense bands are observed between 29400 and
38900 cm™!, which can be attributed to intraligand transitions.

The DTA curves of all the compounds show an initial endothermic peak
between 82 and 179°C; the mass loss accompanying this endothermic
transition corresponds, on the TG curve, to the loss of one molecule of base
coordinated to vanadium (Table 4). A series of exothermic processes is
produced between 210 and 590°C for VO(bza), and between 200 and
565° C for VO(dbm), corresponding to the decomposition of the complexes.
In all cases the residue is V,0O;.

For each adduct, the loss of one mole of base occurs over a specific range
of temperature; after this, once the process of decomposition has stopped,
the residues can be identified by IR spectroscopy as either VO(bza), or
VO(dbm),. This supports the rupture of the N — V bonding and the loss of
one molecule of base as seen on the TG curve.

In order to establish the degree of thermal stability the initial temperature
of the loss of base was used. For VO(bza), adducts the values of T, decrease
in the order: morpholine > pyrrolidine > piperazine > piperidine. For
VO(dbm), adducts the values of T; decrease in the order: ethylamine >
morpholine > pyrrolidine > cyclohexylamine > piperidine.

The initial temperature of the endothermic process bears no relation to
the basicity of the ligand (pK, values).
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The DSC study of the initial endothermic process enabled us to determine
the activation energy using the procedure of Thomas and Clarke [11,12]
(Table 5).

If the E, values calculated for the VO(bza), adducts are compared with
the values obtained for the »(V=0) and »(N — V) frequencies (IR spec-
troscopy) and the pK, values, a relationship is observed. The pyrrolidine
adduct is an exception and presents a lower value of E, than would be
expected from its basic character and its »(V=0) and »(N — V) vibration
values.

The activation energies obtained for the VO(dbm), adducts are similar
for all the compounds (Table 5). This seems to indicate that in these adducts
the strength of the N-V bonding is similar, which concurs with the values
obtained from IR spectroscopy for the frequencies »(V-N) and »(V=0).
This similarity may be due to the steric hindrance of the two phenyl groups
of the dbm ligand. These groups also produce mesomeric effects in the
chelate ring which, in the preparation and stability of the adducts, pre-
dominate over the overall basic character of the coordinated base used.

The values obtained for the enthalpy of the initial endothermic process do
not show a clear relationship with the basicity of the pyridines as reflected in
the strength of the metal-base bonding. Another factor affects these
enthalpies [17,18] and we were unable to evaluate this with the numerical
formula used.
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