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This work presents our data obtained as the result of a study concerning the synthesis and physical chemical
characterization of certain mixed compounds of Cr(I11), Fe(ll1) and Zr(1V) with urea and { 3-[(4-Chloro-phenyl)-(2H-
pyridin-1-yl)-methyl]-2,4-dihydroxy-phenyl} -phenyl-methanone with empirical formula CxsHCINOs; and denoted
as L. Thisligand was synthesized using as starting material a hydroxybenzophenone. The synthesis of these metallic
compounds was accomplished by using the melted urea as reaction medium. The mixed complexes of Cr(I11), Fe(lI1)
and Zr(IV) with urea and L separated in solid state were purified, dried and analyzed by chemical analysis, X-ray
spectroscopy, X-ray diffraction and thermal analysis. From the obtained data concerning thermal behavior of the

studied compounds, the most important kinetic parameters, were determined, namely: the reaction order, the
activation energy and the pre-exponential factor.

INTRODUCTION

The ligand L used in the synthesis of the mixed compounds of Cr(l11), Fe(l1l) and Zr(1V), has as basic
nucleus the hydroxybenzophenone with the structure:
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{3-[(4-Chloro-phenyl)-(2H-pyridin-1-yl)-methyl]-2,4-dihydroxy-phenyl} -phenyl-methanone

This ligand was synthesized starting from a hydroxybenzophenone® After its synthesis and
purification, a series of its physical constants such as: molecular mass, melting point and solubility has been
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determined in various organic solvents or solvent mixtures. D.M.F-Ethanol-Urea. At the same time, its
behavior towards a series of metallic cations in melted urea was followed. It has been found that its highest
reactivity isin melted urea, which later was used as a reaction medium in the synthesis of a number of mixed
compounds. M-L-urea, were M = Cr(l11), Fe(ll1) and Zr(IV). We specify that the melted ureais a very good
reaction medium, which can serve to prepare alarge number of compounds with different organic ligands.”>

EXPERIMENTAL

The reaction between the Cr(ll1), Fe(lll) and Zr(IV) ions can be analyzed both in solution, using
solvent mixture, for example D.M.F.(1p) — ethanol (4p) — urea, and in melted urea.*

The M-L compounds can be formed in solution, but they are difficult to separate in solid state. The
solid state separation of the mixed compounds of Cr(III), Fe(lll) and Zr(IV) with urea and the ligand L
occurs with very good results if one uses melted urea as reaction medium.

The urea, which is used as both reaction medium and reagent, was introduced in porcelain crucibles
and heated on oil bath. The temperature was kept under control between 160-165°C, below the
decomposition temperature of urea, which is of 182.5°C. After the meting of urea, the corresponding
chlorides (Merck reagents) of these cations: CrCl3%6H,0, FeCl36H,0 and ZrCl,H,0 were added. The
heating continues at 165°C for two more hours until no gases or steams are emitted.

After cooling, the samples were washed with DMF in order to remove the urea excess, and
subsequently the obtained co rpounds [Cr(urea)g] Cls, [Fe(urea)g]Cls and [Zr(urea)g]Cl,, were separated.
After separation, the [M(ured)¢] complex& were dried and used for the synthesis of the mixed complexes
M-Urea-L. For this, the [M(urea)]™ compounds were melted again, and small amounts of ligand L were
added step by step. The heating goes on for 1.5 h more until the reaction is completed, i.e. no gas (HCI)
emission is noticed.

After cooling, the complexes were washed with small amounts of water and ethanol and dried on CaCl,
until the mass remains constant. The drled compounds have been chemically analysed in order to establlsh
their molecular formulas. The Cr* and Zr*" contents ere determined by atomic absorption
spectroscopy AAS, redox potenti ometry and gravimetric analyses.*® The obtained data are listed in Table 1.

The study of the reaction between L and Fe(l11) ions

The reaction between the L and the Fe(I11) ions was studied in solution, using as reaction medium the
system: D.M.F. (1p) — C;HsOH (4p) — urea. This system was studied at the above mentioned (table 6)
wavelengths in order to determine the Fe(l1l) — L combination ratio and the formed species within the
system: Fe(111) — D.M.F. (1p) — Ethanol (4p).

By us ing a series of spectrophotometric methods, the composition of the system Fe(lll) — L was
determined.®® The obtained data are given in Figs 1-3.
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Fig. 1 — Data obtained from the study of Fe (111) — L system, by the method of molar ratios: [Fe**]=2203M; [L] = 240°M.
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The compounds resulted from the reaction between Fe(l11) and L present two well — marked spectral
maximal in the visible range at 530 and 573 nm respectively.
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Fig. 2— The composition of the complexes belonging to the Fe(l11) — L system, established by the method angular coefficients
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Fig. 3— Curves obtained by studying the system composition using the continuous variations method.

The analysis of the obtained data by the three spectrophotometric methods confirms that, as the result
of the reaction of the Fe(l11) ions with L in solution, the prevailing compound formed has the ratio 1M:2L,
and it is obviously, the most stable. Thus, at pH = 3.60 the red complex species [Fe(L),]", is rendered
evident. The molar absorption coefficient was calculated for this compound: e = 3.6230° Mol bem™.
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The determination of the global stability factor, b, of the [Fe(L),]" compound

By applying the Harvey — Manning method, the globa stability factor constant b (Figure 4), was
determined for the formation of the complex species [Fe(L),]".°
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Fig. 4 — The determination of stability factor b, for the [Fe(L),]* compound (I =530 nm)

Taking into account the global reaction occurring in this system, namely:
nFe* +mL 0 (FelL, )™ ™

* C 3+
were: [(Fean)(‘?”' m) ]:%ije—l and Am is the absorbance value with ligand in excess, were it is
s n

assumed that all the Fe (111) amount changesinto [Fe(L),]" = Cy; Asisthe system absorbance for L/IM = 2.
Based on the obtained experimental data, the value of the globa stability factor constant was
calculated by using the relation:

(3n- m)*
b = [FeL,]

8% ) n><[(Fq1 Lm)(sn- m)+]§ ><(CL ) mx{(Fean)(sn- m)+])ﬂ

€pedt U
8°

By replacing the concentration for the reactants: [Fe*] = 240 M>L™; [L] = 440 Mot and that of the
compound formed within the system, the global constant of formation was determined as: b = 4.2140° L2
Mol The value of the constant b shows that the complex ion has a greater stability.

Separation of M-L complexesin solid urea

The mixed compounds M-L-Urea, were dissociated in solid state using as a reaction medium, the
urea.*

The applied method was described in a previous work, which presented data concerning the reaction
between the ions of Cr(Il), Fe(lll) and Zr(IV) with (2-hydroxy-4-methoxy-phenyl)-phenyl-methanone —
Cu4H1,03, denoted by (L,).*°

By applying the same working technique and thoroughly obeying the reaction conditions, the complex
compounds of Cr(I11), Fe(l11) and Zr(IV) with urea and L were separated. After drying them in exicator on
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siccative CaCl, to a constant mass, the compounds were chemically analyzed with the view to establish their

molecular formulas.

The Cr*, Fe* and Zr*" contents where determined by atomic absorption spectroscopy and redox

potentiometry. 3

The datafor the chemical analysis of the studied complex are givenin Table 1

The chemical composition of the mixed complex compounds Cr(l11), Fe(I11) and Zr(1V) with urea and the ligand L

Table1

Elemental analysis

Compounds Theoretical Experimental
M% C% H% N% Cl% M% C% H% N% Cl%
[Cr(Urea)g]Cls 10.00 13.90 | 4.70 3240 | 20.53 9.35 1320 | 395 | 31.60 | 19.36
[Cr(L)(H20)(Urea)s] Cl, 7.00 455 4.63 13.26 | 14.40 658 | 4425 | 380 | 1235 | 1342
[Fe(Urea)g]Cl3 10.70 13.80 4.63 3214 | 20.37 9.80 1242 | 396 | 31.56 | 19.40
[Fex(L)(Urea)]Cly 9.83 53.95 3.96 3.67 18.73 9.02 5320 | 315 | 295 17.30
[Zr(Urea)g] Cl, 15.38 12.13 4.08 2832 | 2390 |1454 | 1162 | 340 | 2745 | 2320
[Zry(L)(Urea),Cl,]Cl, 17.32 33.07 3.44 1196 | 2356 [16.42 | 3230 | 285 | 11.20 | 22.65

After dissociation and purification, the melting point and the solubility of these complexesin solvents
or solvents mixtures were determined.

It has been experimentally found that these complex compounds are especialy soluble in organic
solvents or in their mixtures. Table 2 presents the proposed chemical formulas for these complex
compounds, aswell as certain of their experimentally determined physical-chemical characteristics.

Table 2
The proposed chemical formulas and some physical characteristics of the synthesized complexes

The solvent in witch

Nr. Chemica compound Melting Point The colors of compounds
they are soluble
1 [Cr(Urea)e] Cl3 72-74 gray-greenish H,0, C,HsOH
T [Cr(L)(H,O)(Urea)s]Cl, 139-142 dark-green D.M.F, C,HsOH
2 [Fe(Urea)g] Cl3 97-98 scarlet-brown H,0, C,HsOH
> [Fex(L),(Urea)]Cl, 128-130 brown gg’("CFH’s)iﬁHG’
3 [Zr(Urea)g] Cl,4 94-96 yellow-gray H,0, C,HsOH
3 [Zry(L)(Urea),Cl,]Cl,4 182-184 light-brown D.M.F., CsHs

Thermal analysis

RESULTSAND DISCUSSION

The thermal stability of L (sample 4) and its complex compounds with the Cr(l11) (sample 1), Fe(l11)
(sample 2) and Zr(1V) (sample 3) has been investigated by thermogravimetric analysis under dynamic
conditions of temperature. The experimental measurements were performed with a thermal balance type
Paulik-Paulik-Erdey (MOM. Budapest) under the following conditions. m,, = 48+2 mg, reference materia
Al,Os, quartz crucible, heating rate 8, 10 and 12°C/min, in air, at temperatures ranging from 0°C to 900°C.

The experimental results revealed that the degradation occurred in multiple stages, following a
complex mechanism. For each stage the kinetic parameters and the thermogravimetric characteristics have

been estimated (Table 3).

According to the data from Table 3, the thermal stability of the analyzed complexes, estimated by
means of the starting temperature of the decomposition process, decreases as follows:

L > [Cr(L)(H20)(Urea)s]Cl,>[Zr (L )(Urea),Cl;]Cl4 3 [Fey(L)x(Urea)]Cly
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In all cases an amount of solid residue that ranges between 14 and 29% remains after degradation.

Taking into account the importance of the isoconversional methods in the thermal analysis,***> we have
performed the kinetic calculations by means of the method proposed by Vyazovkin and co-workers.'**” The
dependence of the apparent activation energy, Ea, on the reacted fraction, w, is plotted in Figures 5-7 The
models of the decomposition processes for every step, f(w) and the pre-exponential factor, log A, arelisted in
Table 4. The apparent activation energy depends on the reacted fraction, w, revealing the complexity of
thermal degradation.™®

Table 5 presents other kinetic characteristics determined for the analyzed sample: the rate constant
corresponding to the maximum degradation speed (kma) and the critical (isokinetic) (T¢). These were
calculated by applying the relations deducted by Gorbachev.’*?° By comparing T and T e, ONe can see that
they have close values. The different values of the rate constants for the same thermal degradation stage
suggest that the thermal degradation of the analyzed samples occurs by different mechanisms, except for the
last stage in the case of samples 1, 2 and 4.
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Fig. 5— The apparent activation energy as a function of the reacted fraction for the first stage of the decomposition process
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Fig. 6 — The apparent activation energy as afunction of the reacted fraction for the second stage of the decomposition process
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Fig. 7— The apparent activation energy as a function of the reacted fraction for the third stage of the decomposition process

The IR absorption spectra

The synthesized complexes were also analyzed based on their |.R absorption spectra. With thisaim in
view, the |.R absorption spectra were recorder for the complex compounds: M-L-Urea of the urea and the
ligand L, by mean UNICAM spectrometer, within the frequency range 400...4000 cm™* (Table 6).

The data presented in Table 6 permit an analysis of the modifications occurring at the frequencies
characteristic to the functional group of the ligand (L). Based on the occurred modifications, one can draw
certain conclusion regarding the reaction of the ligand L with the cations: Cr(l11), Fe(l11) and Zr(1V).*#

Comparing the specters |.R. of the free ligand (L) and of the complexed ligand (M-L) (Table 6), we
notice that the main changes occur in the absorption area of the groupings OH and C=0, which shows that
the ligand coordination is made by the two functional electron-donor groupings.

X —ray diffraction spectra

The structure of Cr(l11), Fe(l11) and Zr(1V) complex compounds and that of the ligand L,: C;sH»CINO;
have been also analyzed, based on the X-ray diffraction spectrain powder. The records were made by means
of a Simens D500 diffractometer with Nickel filter.?*® The diffractograms have been recorded by using the
Cu-K, radiation within 2-80°C range at a step of 0.1°/s. The diffractograms of the ligand L: { 3-[(4-Chloro-
phenyl)-(2H-pyridin-1-yl)-methyl]-2,4-dihydroxy-phenyl} -phenyl-methanone, as well as these of the
complex compounds of the Cr(l11), Fe(I11) and Zr(IV) ions with the ligand are given in Table 7.

The diffractograms were indexed by means of the TROER software.”® The obtained results are given in
Table7.

From the data presented in Table 7, one can notice that these complex compounds crystallize in systems
with tetragonal, orthorhombic and monaoclinic symmetry. At the same time, one can notice for this ligand
that only the chrome compound preserves the ligand symmetry, while the iron or zirconium complex
compounds have a tetragonal symmetry. The crystal parameters of L show large values of the a and b
constants, which indicates that the benzene ring will preferably place within this plane. This does not occur
by consideration, since the coordination is accompanied by a decrease of the crystal parameters. Except for
some cases, one can notice that the values of the crystal parameters are close to each other, which
corresponds to a central ion. From the analysis of the unit cell volum e variation in the case of the metalic
complex compounds with L, a compression of the ligand around the central ion can be noticed, the volumes
of the complex compounds being considerably smaller than those of the free ligand.
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Table 7
Unit cell parameters of the synthesized complexes
Crystalline parameters Angles 3
Compound Volume (A

P A b(A) o) 1 b g ")

L 12.669 15.279 9.027 90 121.82 90 1485.00

crL 9.103 7.755 9.020 9% 12752 9 491.28
sample 1

Fe-L 7.948 7.948 14.622 90 90 90 923.87
sample 2

Zr-L 5.292 6.884 5.484 90 90 90 417.36
sample 3

CONCLUSIONS

The mixed complexes of Cr(lIl), Fe(lll) and Zr(1V) with urea and L separated in solid state were

purified, dried and analyzed by chemical analysis, X-ray spectroscopy, X-ray diffraction and thermal

analysis.
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